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DETECTION OF BIOMOLECULES 



FIELD OF THE INVENTION 

The present invention concerns a method and kit for the detection 
of the presence of catalytically active ribozymes in a medium. The method 
and kit of the invention may be useful within the framework of a method 
5 and kit for the detection of the presence of specific biomolecules in a test 
sample. 

BACKGROUND OF THE INVENTION 

Detection of the presence of specific biomolecules, such as DNA 
10 or RNA sequences, proteins, antigens, antibodies, etc., in a sample is 
required for a variety of experimental, diagnostic and therapeutic purposes. 
A multitude of assays are available for detecting proteinaceous biomolecules 
such as gel electrophoretogram, HPLC, affinity chromatography, as well as 
other assays which are performed by use of an appropriately labelled probe. 
15 While such assays are satisfactory where the proteinaceous biomolecule to 
be detected is present in sufficiently large quantities, they are at times not 
sensitive enough to allow detection of minute quantities of biomolecules. 
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DNA oi RNA sequences can be detected by the use of a labelled 
probe Where the DNA or RNA sequences to be detected present in only 
very small amounts, they have to be amplified by methods such as LCR 
Oig.se chain reaction). SSR (self-sustained sequence replication) or PCR 
(polymerase chain-reaction). 

Although amplification methods such as PCR have had an 
extremely high impact on basic research, they have been slow in making the 
transition to the clinical setting. The primary reason for this is that the 
requirement for automation combined with the clinical environment of the 
3 samples, have yielded processes that are complex, slow and expense. The 
need for protein enzymes with their high sensitivity to environmental factors 
necessitates a very controlled environment in which they are to operate. 
Typically, a clinical sample contains many components that can interfere 
with the enzyme's ability to perform its catalytic activity. In addition, the 
L5 standard methods that are used for sample preparation to release the nucleic 
acids, such as Guanidine thiocyan.te or Phenol extraction are unsuitable for 
protein based enzymatic activity and it is therefore necessary to remove the 
target nucleic acid from sample preparation. 

Ribozymes are typically RNA molecules having enzyme-like 
20 catalytic activities that are usually of cleavage, splicing or ligation of nucleic 
acid sequences The known substrates for ribozymes are RNA molecules 
although there have been some indications that ribozymes may act on DNA 

molecules and on proteins. 

Natural ribozymes which participate in intracellular reaction work 
25 in cis. catalyzing only a single turnover, and are usually self-modified 
during the re«*on. However, ribozymes can be engineered to act m trans. 
i» a truly catalytic manner, with a turnover greater than one and without 
being self-modified. Two distinct regions can be identified in a ribozyme: 
the binding region which gives the ribozyme its specificity through 
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hybridization to a specific nucleic acid sequence (and possibly also to 
specific proteins), and a catalytic region which gives the ribozyme the 
activity of cleavage, ligation or splicing. Each class of ribozymes cleaves 
a different sequence of nucleotides using a distinct mechanism of action. 
5 Each class is further distinguished by the number of nucleotide bases that 
are essential for its catalytic activity and by the degree of the specificity of 
the ribozyme and the target sequence (Robert H. Simons, Annual Review 
of Biochemistry, $1, pp. 641-671, (1992)). 

It has recently been proposed to use ribozymes in order to treat 
10 diseases or genetic disorders by cleaving a target RNA, such as viral RNA 
or messenger RNA transcribed from genes that should be turned off. This 
method is proposed as an alternative to blockage of the RNA transcript by 
the use of antisense sequences. Owing to the catalytic nature of the 
ribozyme, a single ribozyme molecule cleaves many molecules of target 
15 RNA and therefore therapeutical activity is achieved in relatively lower 
concentrations than those required in an antisense treatment (WO 96/23569). 

The use of ribozymes for diagnostic purposes has been only 
seldomly mentioned. WO 94/13833 describes a method for detecting 
nucleic acid molecules in a solution by tailoring a specific ribozyme 
20 molecule having two regions, one complementary to the nucleic acid 
sequence to be detected, and the other complementary to a co-target 
molecule bearing a detectable label. The ribozyme is able to specifically 
and reversibly bind both a selected target nucleic acid sequence and to the 
labelled co-target. When both the target and the co-target are bound, the 
25 ribozyme undergoes a conformational change which renders it active and 
able to cleave the label off the co-target, and the free label can then be 
detected. Upon cleavage of the co-target, the ribozyme is able to re- 
asaociate with an additional co-target, cleaving more label and producing 
more detectable signals. 
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Although the inventors of WO 94/13833 termed their invention 



"amplification of signal " there is actually no amplification in the number 
of ribozymes produced, but rather the reaction is purely an enzymatic 
reaction, wherein the catalytic substance (in this case the ribozyme) cleaves 
5 the substrate (in this case the co-target) and then disassociate and cleave 
another substrate* There is no true amplification of the number of active 
ribozymes involved in the reaction occurs. 

GLOSSARY 

10 Below is a glossary of terms which are used in the following 

description and claims. However » this glossary should not be considered 
separately and for full comprehension of the various terms and the meaning 
in which these terms have in the context of the invention, the glossary 
should be read in conjunction with the remainder of the disclosure herein. 



Ribozyme - a nucleic acid molecule which possesses an enzyme-like 
catalytic acivity. The term "ribozyme" as used in the art generally refers 
to RNA molecules having a catalytic activity although in the context of the 
present invention this term is used to denote a catalytically active (enzyme* 

20 like) oligonucleotide in general. The ribozyme of the invention may thus 
be aa RNA molecule* may be an oligonucleotide comprising dNTPs or 
composed completely of dNTPs and may also comprise a variety of non- 
naturally occurring nucleotides such as IsoG or IsoC 5'-0-(l-thio- 
triphosphate) nucleosites and 5-0-methyl nucleotides. The ribozyme which 

25 may be used in accordance with the present invention may be comprised 
exclusively of nucleic acids as described above or may require a co-factor 
for their catalytic activity. The ribozymes may have a catalytic activity of 
cleavage, ligation, splicing or splicing- out (removal) of oligonucleotide 
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sequence, addition of groups to oligonucleotides, rearrangement of nucleic 
acid sequences, etc. 

Assayed biomolecule - a molecule the presence of which in the test sample 
5 is to be detected. It can be an oligonucleotide or a member of a recognition 
pair such as rcceptor/ligand, antibody/antigen, lectin/glycoprotein, etc. 

Initiation ribozyme - The ribozyme which initiates the reaction where 
more ribozymes are produced, eventually leading to the generation of a 

10 detectable label. Where the method of the invention is used to detect 
biomolecules. the initiation ribozyme is part of the detection system (see 
below), and serves as a reporter for the presence of the assayed biomolecule, 
since only in the presence of said assayed biomolecules it is cither generated 
or it becomes catalytically active. The presence of an active initiation 

15 ribozyme activates the catalytic system (see below). 

Detection system - the combination of molecules and reagents that enable 
the production or activation of a catalytically active initiation ribozyme, 
which serves as a reporter for the presence of the assayed biomolecules in 

20 the test sample. In other words, in the presence of the assayed 
biomolecules, following a reaction or a cascade of reactions, a catalytically 
active initiation ribozyme is eventually generated. The presence of the 
initiation ribozyme is verified in the catalytic system (see below) where it 
brings to the generation of more active ribozymes in an amplificatory 

25 manner (the ribozymes themselves or a product of their catalytic activity, 
e.g. a free label is then detected at the final stage of the assay). 



Inactive ribozyme - a potentially catalytically active ribozyme which 
cannot exert its catalytic activity (cleavage, splicing, ligation, etc.) until it 
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has been modified, or until ihe conditions in the medium have not been 
amended to such in which it becomes active. 

Activation - rendering an inactive ribozyme catalytically active by some 
5 kind of catalytic action (cleavage, splicing, ligation, addition of groups, 
rearrangement), or by change of external conditions (such as addition of 
magnesium ions). 

Inhibitory moiety - a moiety which may at times be present in the second 
10 complex molecule (see below) and which when present renders the 
initiation ribozyme inactive. The inhibitory effect of the inhibitory moiety 
can be terminated by its modification or removal from the complex 
molecule. 

15 Complex molecule - a molecule which forms part of the detection system 
in accordance with an embodiment of the invention referred to herein as the 
"activation embodiment". In one mode of carrying out the activation 
embodiment, a "first complex molecule" is being used, which comprises an 
initiation ribozyme which is a priori, catalytically inactive (for example, due 
20 to lack of magnesium ions in the medium) linked to a sequence capable of 
being cleaved by an active initiation ribozyme and comprising in addition 
a recognition biomolecule (see below). In another mode of carrying out 
the activation embodiment, a "second complex molecule" is being used, 
which comprises an initiation ribozyme which is a priori, catalytically 
25 inactive and is linked to a sequence capable of being cleaved by an active 
initiation ribozyme and comprising in addition a recognition biomolecule 
(see below). The second complex molecule further comprises an inhibitory 
moiety. 
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Recognition biomdlecule - a molecule capable of specifically recognizing 
and binding to the assayed biomolecule. Where the assayed biomolecule is 
an oligonucleotide sequence, the recognition biomolecule is the complemen- 
tary sequence. Where the assayed biomolecule is a member of a recognition 
5 pair (such as antigen-antibody) the recognition biomolecule is the other 
member of the pair. 

First oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3' -5': a double-stranded functional promotor. a 

10 single-stranded sequence that codes for a sequence complementary to the 
sequence of the initiation ribozymes, a single-stranded sequence identical 
(with the necessary U-T replacements) with an RNA sequence capable of 
being cleaved by a catalytically active initiation ribozymc, and a single- 
stranded sequence complementary to the 5'-part of the oligonucleotide 

IS sequence to be detected. 

Second oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3'-5': a single-stranded 3'- part complementary 
to the oligonucleotide sequence to be detected, and a triggering oligonu- 
20 cleotide template (see below). 

Triggering oligonucleotide template - an oligonucleotide sequence which 
is part of the second oligonucleotide, the transcription product of which is 
capable of hybridizing with the back promotor construct (see below). 



25 



Triggering oligonucleotide sequence - the transcriptional product of the 
triggering oligonucleotide template, capable of hybridizing with the back 
promotor construct (see below) and after the back promotor has been 
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completed, can bring to transcription of an oligonucleotide sequence to 
which it is attached. 

Non-template strand oligonucleotide - the transcription product of the 
5 oligonucleotide hybrid obtained by hybridization of the assayed nucleic acid 
sequence, the first oligonucleotide and the second oligonucleotide, and which 
comprises from 3'-5»: a triggering oligonucleotide sequence, a sequence 
complementary toithe assayed biomolecule. a sequence complementary to a 
sequence which can be cleaved by the initiation ribozyme. and a sequence 
10 complementary to the initiation ribozyme. 

Back promoter construct - a single-stranded promoter sequence attached 
to a single-stranded sequence capable of hybridizing with the triggering 
oligonucleotide sequence. After hybridization with the triggering oligonu- 
15 cieoride sequence, and upon action of a suitable DNA polymerase, a 
functional double-stranded promoter is created, which in the presence of a 
transcription system (see below) is capable of producing the final 
oligonucleotide transcript (sec below). 

20 Final oligonucleotide transcript - the transcriptional product of the 
oligonucleotide hybrids obtained following hybridization of the back 
promoter construct, non-template strand oligonucleotide (after the promoter 
has been completed by a suitable DNA polymerase to a double-atranded 
functional promoter), and comprises from 5'-3': an initiation ribozyme 
25 sequence, a sequence capable of being cleaved by said initiation ribozyme. 
a sequence that codes for the complement of the detected sequence on the 
assayed biomolecule, and a sequence that codes for the complement of the 
triggering oligonucleotide template. The initiation ribozyme in said final 
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oligonucleotide transcript can cleave its adjacent sequence thus freeing itself 
and yielding a free, fully active initiation ribozyme. 

Third oligonucleotide sequence - a nucleic acid sequence complementary 
5 to the 5 '-part of the sequence to be delected in the assayed biomolecule. 

Third composite molecule - a molecule used in the "assembly embodi- 
ment 9 ' of the invention, and which comprises the third oligonucleotide 
sequence linked to part of the initiation ribozyme. It optionally also 
10 comprises a sequence cleavable by an active initiation ribozyme. 

Fourth oligonucleotide sequence - an oligonucleotide sequence comple- 
mentary to the 3 '-part of the sequence to be detected in the assayed 
biomolecule. 

15 

Fourth composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention which comprises the fourth oligonucleotide sequence 
linked to part of the initiation ribozyme required to complete the part present 
in the third composite to obtain a complete catalytically active ribozyme. 
20 It optionally also comprises a sequence cleavable by an active initiation 
ribozyme. 

Catalytic system - An ensemble of molecules and reaction mixtures which 
in the presence of a catalytically active initiation ribozyme produces a 
25 detectable signal. This ensemble of molecules comprises a combination of 
composite molecules comprising a ribozyme which is a priori inactive. By 
one embodiment, the catalytic system comprises reagents and a combination 
of a first composite molecule and a second composite molecule (see below), 
comprising a first and second ribozyme (inactive), respectively. The first 
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10 



ind second ribozymes arc a priori inactive and either or both can be 
activated by a catalytically active initiation ribozyme. Active first ribozyme 
may activate inactive second ribozyme molecules, and active second 
ribozymes may activate inactive first ribozyme to cause amplification of the 
number of active ribozymes in a positive feedback manner- Alternatively, 
the first and second ribozymes may be immobilized or spatially separated 
from each other and cleavage of one or both by the initiation ribozyme 
causes their release to the medium. Released, free ribozymes can free 
immobilized second ribozymes (for example by cleavage) and free second 
ribozymes can in turn release and free first ribozyme, thus giving rise to self 
amplifying reaction cascade which rapidly yields an amplification in the 
number of active ribozymes in a positive feedback manner. 

The catalytic system may also comprise in accordance with 
another emboidment, only one species of composite molecules which are 
15 immobilized or spatially separated from each other in the reaction vessel or 
which are a prion inactive. An initiation ribozyme activates the inactive 
ribozyme or releases the ribozyme from the composite molecule and active 
or released ribozymes then act to respectively activate inactive or free 
immobilized other ribozymes. then giving rise to a self amplifying reaction 
20 cascade which rapidly yields an amplfication in the number of active 
ribozymes in a positive feedback manner. 

As a result of ribozyme activation or release, a detectable signal 
is produced which signal is indicative to the presence of the initiation 
ribozyme in the medium. 



25 



First composite molecule - comprises a first ribozyme (see below), 
optionally labelled, linked to second nucleic acid sequence (see below). 
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Second composite molecule - comprises a second ribozyme (see below), 
optionally labelled, linked to a first nucleic acid sequence (see below). 

First nucleic acid sequence - an oligonucleotide sequence which is part of 
5 the second composite molecule and which is a target for the catalytic 
activity of the first ribozyme (see below). Following the catalytic activity 
of the first ribozyme on the first nucleic acid sequence, the second ribozyme 
(see below) is either released into the medium or becomes catalyticaUy 
active. 

10 

Second nucleic acid sequence - an oligonucleotide sequence which is part 
of the first composite molecule and which is a target for the catalytic 
activity of the second ribozyme (see below). Following the catalytic activity 
of the second ribozyme on the second nucleic acid sequence, the first 
15 ribozyme (see below) is either released into the medium or becomes 
catalyticaUy active. 

First ribozyme - part of the first composite molecule - is capable of 
cleaving the first nucleic acid sequence and is identical in its catalytic 
20 activity to the initiation ribozyme. It is optionally labelled. 

Second ribozyme - part of the second composite molecule - is capable of 
cleaving the second nucleic acid sequence and is optionally labelled. 

25 Third ribozyme - a ribozyme which may form part of the catalytic system 
in accordance with another embodiment thereof. The third ribozymes are 
initially inactive. Initiation ribozyme acts to activate the third ribozyme by 
exerting its catalytic activity thereon (in a manner to be explained below) 
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and the activated riborymes can then act, to activate other third riborymes 
in the catalytic system. 

Tnwscription system - ensemble of oligonucleotide, nucleotides. RNA 
polymers and reagents which, in the presence of an oligonucleotide 
template bring to the ttanscription of an oligonucleotide transcript. 

Fourth ribozyme - a ribozyme which is part of the catalytic system in 
accordance with an embodiment thereof, and which once catalytically active 
can ligate two parts of the fifth riboryme (see below) to produce a 
catalytically active fifth riboryme. The fourth riboryme is composed of at 
least two components, which are initially separated, and which are hgated 
together by the fifth ribozyme (when catalytically active). Following such 
ligation, the fourth riboryme becomes catalytically active. 

Fifth ribozyme - a riboryme which is part of the catalytic system 
comprising the fourth ribozyme and which once catalytically active can 
ligate together two parts of the fourth riboryme to produce a catalytically 
waive fourth ribozyme. The fifth riboryme is composed of at Imsi two 
20 components, which are initially separated and which are lifted together by 
the fourth ribozyme. Following such ligation, the fifth ribozyme becomes 
catalytically active. 

Sixth riboryme - a specific example of the third riboryme wherein the 
25 inactive riboryme carries an extra nucleic acid sequence, and is activated 
upon cleavage or aplicing-out (i.e. removal) of this sequence. 



IS 
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Seventh ribozyme - a ribozyme wherein the assayed nucleic acid sequence 
completes a missing portion essential for its catalytic activity, and thus once 
combined with the assayed sequence it becomes catalytically active. 

5 SUMMARY OF THE INVENTION 

The present invention provides a ribozyme-bascd signal- 
amplification method which is relatively simple to perform, is rapid and 
inexpensive. Unlike hitherto available detection-amplification methods, the 
method of the invention is also suitable for a point-of-care (POQ testing. 
10 One advantage of the method of the invention is in that ribozymes 

are active under conditions found in the clinical environment, e.g. in 
bioligical fluids.. Furthermore, as will be shown further below, the signal- 
amplification method in accordance with the invention does not require the 
observance of specific conditions in order to ensure specificity (strict 
15 observance of conditions is a must in prior art signal-amplification 
methods). Additionally, ribozymes are functional in various sample 
preparation cocktails, e.g. 1 M Guanadine thiocyanate as well as in a . 
saturated phenol preparation, which usually inhibits function of other 
detection-amplification systems. 
20 Ribozymes are composed of nucleic acid sequences and thus assay 

and probe sequences can be included in the ribozyme molecule. Further- 
more, it is possible to increase the specificity of the amplification process 
by engineering the ribozyme such that part of the assayed sequence itself is 
required for the ribozyme to exert its catalytic activity. 
25 A very powerful technique, termed in the art as "in vitro 

evolution" has been successfully applied to ribozymes to produce a 
ribozyme with various catalytic activities and specificities. By such 
techniques, a vast array of potential ribozymes are screened for activity. 
Those ribozymes that show activity are purified for further rounds of 
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selection and after repeated rounds only the most potent candidates remain. 
In traditional amplification techniques, following a choice of the enzyme, the 
environment where the enzyme is to operate, i.e. the sample-comprising 
medium, has to be modified to allow proper activity of the enzyme. In the 
5 case of ribozymes, using in vitro evolution, it is possible to select a 
ribozyme which is highly active in a desired clinical (biological) medium, 
by performing the in vitro evolution in a selection medium which is 
identical in its composition to the clinical sample. 

The present invention provides a sensitive method for the 
10 detection of a catayticaUy active ribozyme (referred to herein as "initiation 
ribozyme") in a medium. Detection of the presence of a catalytically active 
initiation ribozyme may be a goal by itself, although usually the catalytically 
active initiation ribozyme serves as reporter for the presence of other 
biomolecules in the test sample. Once a medium comprising an active 
15 initiation ribozyme is introduced into a catalytic system in accordance with 
the invention, there results a catalytic reaction cascade which gives rise to 
an exponential amplification in the number of active ribozymes. The 
catalytic system comprises ribozymes which are cither inactive or spatially 
separated from one another such that they cannot exert their catalytic 
20 activity; the initiation ribozyme frees or activates ribozymes of the catalytic 
system which in turn free or activate respectively, further ribozymes of the 
system. The ribozymes either carry a detectable label or the catalytic 
activity causes generation of a detectable label, which then serves as an 
indication of the catalytic cascade which occurred in the system. 
25 According to embodiments of the present invnetion in which the 

ribozymes are initially immobilized, the presence of free ribozymes in the 
reaction medium may serve as a detectable signal by itself. In accordance 
with another embodiment, each active ribozyme is made to carry or produce 
a detectable label and these then serve as the detectable signal. 
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According to the method of the invention there is very little false 
positive signal, i.e. low noise level; furthermore the method of the invention 
enables the detection of several biomolecules in a single assay system. 

The present invention thus provides a method for detecting the 
5 presence of a catalytically active initiation ribozyme in a medium, compris- 
ing the steps of : 

(a) providing a. catalytic system comprising 

(aa) ribozymes which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
10 activity on their target; the target of the ribozymes being other 

ribozymes of the catalytic system, their catalytic activity on such 
other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow them 
IS to reach their targets; 

at least some of the ribozymes of the catalytic system being a target of 
the catalytic activity of the initiation ribozyme, the catalytic activity of the 
initiation ribozyme on said some of the ribozymes being that of (i) or (ii) 

above; and comprising 
20 (ab) a detectable label having detectable properties such that the 

catalytic activity of the ribozymes causes a change in the 
detectable properties; 

(b) contacting the medium with said catalytic system; 
25 (c) providing conditions permitting said catalytically active initiation 

ribozyme and catalytically active ribozymes of the catalytic system to exert 
their catalytic activity, whereby the presence of a catalytically active 
initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system are activated or freed into the medium; and 
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(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in .aid 
medium. 

The prime utility of the ribozyme detection method of the 
5 invention, is within the framework of an assay designed to detect the 
presence of a biomolecule such as: a specific nucleic acid sequence, a 
member of a binding couple such as antibody-antigen, sugar-lectin, etc, in 
a biological sample. Such an assay may conceptually be thought of as 
comprising two distinct components (although these components may be 
10 included physically together in a single reaction vessel): a detection system 
and a catalytic system. In such an assay, the presence of the assayed 
biomolecule brings to the production, in a manner to be described further 
below, of a catalytically active initiation ribozyme in the medium. The 
catalytically active initiation ribozyme then acts as a reporter molecule in the 
15 catalytic system, giving rise, following a reaction cascade which amplifies 
the number of active ribozyme*, to the appearance of a detectable label in 
the reaction medium as generally described above. The appearance of such 
a detectable label in the medium of the catalytic system thus indicates the 
presence of the assayed biomolecule in the original assayed biological 
20 sample. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, novel use is made of ribozymes. 
In the most generalized sense, a catalytic system comprising ribozymes is 
25 used for the detection of the presence of a catalytically active initiation 
ribozyme in anassayed medium. Detection of the presence of a catalytically 
active initiation ribozyme in an assayed medium may be a goal by itself, for 
example, in the process of preparation of ribozymes by in vitro evolution. 
In addition, in accordance with a preferred embodiment of the invention, the 
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cruelly active initiation ribor-ym. serve, a, . reporter for the presence 
of an assayed biomoleeule (other ti»n Ac initiation ribo^ym.) In an »»»>«> 

biological sample. 

The ribozymes used in accordance with the uwennon may be 
5 prised entirely of UNA. A. time L i. possible arso «o replace some of 
the ribonucleotide, (VNTftO in the RNA with de«y n»c*otid» 
(.dOTPO or some ..her naturally or non-»..u»lly occurring nucleotides 
„eh a. UoG o, IsoC 5 --0-(l-utiotri P hosph.te) nucleoli, and 
5-0-r»«U.yl nuclides. Such replacement 1. .« time, desired, tor example 
10 to increase subility of the ribozyme to RNAue which are present * atao* 
an biological .ample., while Uti. will no, apeeifi-lly be menttoned a. «ch 
*». it i. understood mat the term >W — » » dCT °" "** ^ 
nucleotide, compo-d entire., of rNTPs or caulytic oligonudeotides 
wherein »me of the rNTPs have been rep.aced by «m « other 
U nucleotides. The ribozyrne may also be entirely composed of DNA (Breaker 
« „/., ChemMy and Biology. l(4):223-9. 1W4). 

The ribozymes of the invention may comprise of nueletc add 
sequence, a. d«cribed above complexed with a non-nucleic -^'ecule 
.Leh a. a provain. po.ypeptide. fatty-acid. dye. antibiotic or a carbohydrate. 
20 The non-nucleic acid moiety complex* with the ribozyrne may serve a. a 
eo-faetor for the ribozyrne'. catalytic activity. 

in the following, use of the term -otigonucUotiae" wiU be made 
The oligonudeotjde, may. depending on the context, be . DNA oltgo- 

..cfcotid. NMI — * - • ™ A 

25 (coring entire* o, rNTPs). Howeve,. specify * *• <^>< ™ 
oligonucleotide, i, is at time, desired to r^Uce some or all of the rNTPs 
with dNTPa or other naturally and .on-n.tur.Uy occurnng 

The preaent invention provides. initsbroadest sense, a method for 
U» detection of tire pre«nce in a tested medium of a ea»lytie*ly active 
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initiation ribozyme. By "catalytically active", it is meant that a ribozyme 
is capable of carrying out a catalytic reaction such as cleavage, splicing, 
ligation, addition of specific groups such as phosphate to molecules, 
rearrangement of nucleic acid sequences and the like. 
5 The catalytic system in accordance with one embodiment for 

carrying out the invention comprises two species of ribozymes which are a 
priori inactive, but become c&talytically active as a result of the exertion of 
a catalytic activity thereon For example, each ribozyme may have a nick 
or break in a portion essential for its activity and prior ligation of this nick 
10 or break is thus required for its activation. The catalytic system in this case 
comprises two species of ribozymes, each species a priori broken into two 
components and thus initially inactive. An acrive ribozyme of one species 
is capable of ligating the two components of the second species of ribozyme 
thus rendering it active, and an active ribozyme of the second species of 
15 ribozyme is capable of ligating the two components of the first species of 
ribozymes, thereby rendering it active. Then the activation proceeds by 
cross-ligation in a positive feedback amplificatory manner. 

The first active ribozyme of one species may be produced by the 
initiation ribozyme which is a product of the detection system, in one of two 
20 routes. According to one route, some of the ribozymes of the first species 
are a priori fully assembled but cannot Ugate the parts of the second species 
of ribozyme, since they are spatially separated therefrom, for example, as a 
result of being immobilized by means of a porous membrane, etc. The 
initiation ribozyme cleaves the molecules of the immobilized fully assembled 
25 first species of ribozyme. and the free first species of ribozyme then ligates 
the second species of ribozymes which can in turn Ugate members of the 
first species of the ribozyme which are not, a priori, assembled and so on. 

According to the second route, the initiation ribozyme is itself a 
ligating ribozyme which ligates from its parts, at least one species of the two 
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ribozyme of the catalytic system, thus initiating the cross-Hgation cascade, 
to such a case there is no need to spatially separate various members of the 
catalytic system since until the initiation ribozyme is introduced to the 
reaction mixture no catalytic process can begin. 
5 Another example are ribozymes which have a redundant sequence 

which renders the ribozyme inactive and it thus needs to be either cleaved 
or spliced-out for the ribozyme* activation. Further example are ribozymes 
which require sequence rearrangement or addition of specific groups for 
activation. Yet another example are ribozymes which require reverse exon 
10 splicing. i.e. addition of a sequence internal to the ribozyme. 

One specie, of ribozymes when in the active form, may activate 
inactive ribozymes of the second species and vice versa, as it possesses the 
catalytic properties (ligation, cleavage, splicing, rearrangement, etc.) requ,red 
to modify the other species of ribozyme from an inactive to an active form. 
15 The two ribozymes may potentially possess the same type of catalyuc 
activity (e.g. both are ligating rizoymes or both cleaving ribozymes. etc.) or 
may possess different types of catalytic activities. 

One or both species of the a priori inactive ribozymes is activated 
by a catalytically active initiation ribozyme. Prior to introduction of the 
20 initiation ribozyme to the medium, the catalytic system is easentially silent 
as no catalytic activity takes place. In the presence of such an initiation 
ribozyme. a ribozyme amplification cascade begins since each active 
ribozyme generates in turn more active ribozymes in a positive feedback 
nunncr. Active ribozymes give rise to a signal which «n be detected » a 
25 manner as described hereinbelow and such a signal is indicative to the 
pxcaence of the original catalytically active initiation ribozyme in the 
medium. 

The catalytic system in accordance with another embodiment for 
carrying out the invention comprises two species of composite molecules. 
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each comprising a ribozyme linked to a deavable nucleic acid sequence. 
The ribozyme in one species of composite molecules is capable of cleaving 
the nucleic acid sequence in the other species of composite molecules so that 
cross-cleavage between the two species of composite molecules is, in 
5 principle, possible, while self-cleavage is avoided. However, prior to 
introduction of the initiation ribozyme to the medium, cross-cleavage does 
not result since the two species of composite molecules are constructed so 
as to prevent mutual interaction between them, while cleaved ribozymes are 
able to interact with other composite molecules in the test vessel and further 
10 release ribozymes to the medium in a positive feedback manner- 
Prevention of mutual interaction can be done, for example, by 
immobilizing each species of composite molecules to opposite sides of the 
teat vessels; by linking each species of the composite molecule to different 
beads or different colloid particles having properties, e.g. size or other 
15 properties, e.g. the same electric charge (which repels the beads from one 
another) which prevents any kind of interaction between molecules attached 
to one with molecules attached to another, by linking the composite 
molecules to moieties having the same electric charge, so that the electrical 
rejection between said moieties will prevent any interaction between the two 
20 composite molecules; by placing each species of composite molecules at 
opposite aides of a porous membrane which does not allow permeation 
therethrough of the full composite molecule, but allows free passage of 

cleaved ribozyme. 

A catalytically active initiation ribozyme, either present in the test 
25 medium a prion, or produced as a result of the presence of another 
biomolecule in a biological sample (such a ribozyme being in this case) ("o 
reporter ribozyme'') is able to cleave a specific nucleic acid present in one 
or both species of composite molecules thus freeing the ribozymes of the 
catalytic system. The cleaved ribozymes are able to interact freely in the 
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reaction vessel with the ribozymes from the other species of composite 
molecules, which in turn, can again cleave the ribozymes from the first 
species of composite molecules, thus creating a "ping-pong" cross-cleavage 
of ribozymes. Such cross-cleavage of ribozymes acts in a positive feedback 
5 manner, causing substantial amplification of the reaction- Either or both 
species of ribozymes typically bears detectable labels. The detection of 
cleaved labels, indicates the presence of the catalytically active initiation 
ribozyme in the reaction mixture. Where the initiation ribozyme is a 
reporter ribozyme, detection of a free label indicates the presence of an 
10 assayed biomolecule in the reaction mixture. 

The catalytic system may comprise, in accordance with other 
embodiment, only one species of inactive ribozymes or one species of 
composite molecules comprising a ribozyme and a nucleic acid sequence 
cleaved by the ribozyme when converted into a free or active form. In an 
15 analogous manner to that described above for the said one embodiment. e«* 
single molecule of the ribozyme is inactive until the catalytically active 
initiation ribozyme is introduced to the medium: for example, each inactive 
molecule is in the form of a closed-circle which may be opened by cleavage 
or splicing-out of a stretch of nucleotides, by a catalytically active initiation 
20 ribozyme. Activated (open) ribozymes then open and activate other such 
closed-circle molecules of the catalytic system. 

In an analogous manner to that described above for the said 
another above second embodiment, each single species of the composite 
molecule may- comprise a ribozyme positioned in an orientation which 
25 prevents self-cleavage of the adjacent cleavable nucleic acid sequence, for 
example, by placing the sequence immediately adjacent to the ribozyme. 
The fact that there are no intervening sequences between the ribozyme and 
the cleavable sequence stearically inhibits the cis cleavage. (The deav.ble 
sequence may also have an inversed orientation, and cis cleavage will thus 



WO 96/27026 




PCI7US96/02380 



-22 - 



not be possible). However, released ribozyme may approach the nucleic 
acid sequence in a correct orientation, and cleave it, thereby releasing more 
ribozymcs to the medium. In order to prevent spontaneous trans cleavage 
of non-released ribozymes, it is possible to ensure spatial separation 

5 similarly as indicated above. 

Detection of the presence of activated ribozymes in the catalytic 
system may take various forms depending on the type of catalytic activity 
of the ribozyme. Where, for example, the activity is cleavage or spliced out, 
a label may be linked to the part to be cleaved or spliced out and detection 
10 of such freed label is then an indication of the presence of the catalytically 
active initiation ribozyme in the medium. 

In some cases the activation of the ribozyme brings to a change 
in the distance between two regions of the ribozyme, such as where two 
distant regions are brought together by ligation or rearrangement, by splicing 
15 out of an interfering region, or wherein two initially adjacent regions are 
separated for example by opening of a closed circle. In such case it is 
possible to attach a fluorescent marker on one region of the ribozyme and 
a moiety, such as Rodamine which quenches the light emission from the 
fluxoescent marker on the other region of the ribozyme. Rodamine has a 
20 quenching effect on the light emission of a fluorescent label when the two 
are adjacent and no such effect when the two are separated. By monitoring 
the change in light emission of the fluorescent label, it is possible to 
determine whether the two regions are adjacent (for example in the case of 
a closed-circle inactive ribozyme) or separated (when the ribozyme has been 

25 opened and activated). 

The label may also be carried on a substrate which is not 
associated with the ribozyme and on which the catalytically active ribozyme 
may exert its catalytic activity. For example, the label may be carried on 
a nucleic acid sequence, which is cleaved or spliced-out as a result of a 
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ribozyme's activity, whereby the label is released to the medium, 
detection will in such a case be based on the presence of a free label in the 
medium. 

The "ping-pong" cross activation, whether by cross-cleavage, 
5 cross-ligation, cross-splicing, cross rearrangement or alternating cycles of 
various catalytic actions, substantially amplifies the reaction resulting in a 
signal that indicating in a short time whether the initiation catalytically 
active ribozyme was present in the medium. While prior art amplification- 
detection methods such as PCR or LCR require several hours to be 
10 complete, the amplification-detection method of the invention is completed 
in a much shorter time period. 

Where the catalytically active initiation ribozyme serves as a 
reporter ribozyme for the presence of other biomoleculea, a detection system 
is required in which a catalytically active initiation ribozyme is generated 
15 only in the presence of the assayed biomolecule. This may be performed in 
one of the following embodiments, referred to herein as the "activation 
embodiment", the "transcription embodiment", the "asembly embodi- 
ment", and the "completion embodiment". 

According to the activation embodiment, the initiation (reporter) 
20 ribozyme is a priori inactive. This inactivity may be a result of the absence 
of magnesium ions, which are required for the ribzoyme's catalytic activity, 
from the medium; it may be a result of the presence of an inhibitory moiety 
in the medium; it may be a result of the presence in the medium of an 
oligonucleotide which hybridizes to sequence which is to be cleaved to 
25 either activate or free the ribozyme into the system, which cleavage is not 
possible as long as the sequence is double-stranded; etc. According to this 
embodiment, the ribozyme is linked to a recognition biomolecule which is 
capable of specifically recognizing and binding to the biomolecule which is 
to be assayed in the sample. For example, where the assayed biomoleucle 
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is an oligonucleotide sequence, the recognition biomolecule is the comple- 
mentary sequence; where the assayed biomolecule is an enzyme, the 
Z^iomolecule may he a substrate, where the 
71 antigen, the recognition biomolccule may be an anybody whtch 
■oecifically interacts with the antigen; etc. 

The ribozyme linked «o the r«ogniuon moiecule i, then .Howed 
„ interact with the a»y.d biomoleeuie* and unbound ribozym., - then 
«p,r*ed and washed away. Such separation can be carried out. on *e 
Z* of size differs between «he compiex of bound rtbozyme. - 
,»,,ed biomoleeuie. .nd that of free ribozyme,. *y.apru,n, tmmob 1-zutg 
r us-yed biomoleeuie, and the. away free moiecule, of 

ribozyme,; etc. After ..id ..oarauon. condition, are changed so » to 
activate the ribozyme. for exampie. by addition o, .aching 
by modifying o, removing me inhibitor, moiety to stop .«s »b.b«ory 
livity; by melting the do«b.e-,U»ded non-cleav-Me sequence to a »n* 
„JL l.vab,e sequence- e* Oniy if me a*,yed "-—"^ 
present, ribozyme, which are bound thereto are reumed. - 
£L ribozyme. are activated by an appropriaie change of condtuons^ 
The transcription embodiment of the inveutton can be uuuzed 
, where the «.yed biomoiecuie i, a nudeic acid sequence. The*u*uon 
pb^e of mi. «mbodim»« can be earned out genera.., » de^.bed »W 
Paum. Application. No.. UMM and 11W57 (and .heir cou»«n«. PCT 

^licZs No, WO N/2*.! and ) wim the ^«~* 

Xn^" beutg -id initiation ribozyme. The detection - 
« titi. embodiment comprise, - oligonucleotide moleCe,. *e tot 
«.«pH»n, . .eque.ee complementary to the 5'- par. of the a»ayed 
IdsequL and .he second comprising a sequence complementary 

njcule comprises up^am from me sequence compiementary to me 
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assayed biomolecule, a functional promoter, a sequence that codes for an 
initiation ribozyme sequence and a sequence that is capable of being cleaved 
by said detecting ribozyme (also essentially a DNA sequence). The second 
oligonucleotide molecule comprises, downstream from the complementary 
3'- part of the assayed sequence, a triggering oligonucleotide template, the 
transcriptional product of which is capable of triggering transcription of 
sequences of initiation ribozymes as will be explained in detail hereinafter. 

If the assayed biomolecule is not present in the test sample, then 
the triggering oligonucleotide sequence is not transcribed, since only 
presence of the assayed biomolecule brings together the two molecules 
required to produce the appropriate template of said triggering oligonucleo- 
tide sequence, namely the first oligonucleotide molecule carrying the 
functional promoter and the second oligonucleotide molecule carrying the 
triggering oligonucleotide template. If the assayed biomolecules are present, 
15 and in the presence of transcription system, the triggering sequence is 
produced and in turn is able to bring about production of transcripts 
containing initiation ribozyme linked to a sequence capable of being cleaved 
thereby. After self-cleavage, these transcripts release to the medium 
catalytically active initiation ribozyme. 
20 According to the assembly embodiment of the invention, also 

appropriate in cases where the assayed biomolecule is a nucleic acid 
sequence, the detection system comprises a third oligonucleotide, comprising 
a sequence complementary to the 5'- portion of the assayed nucleic acid 
sequence, and a fourther oligonucleotide comprising a sequence complemen- 
25 tary to the remaining, 3'- portion of the assayed nucleic acid sequence. 
Each of these oligonucleotides comprises also one portion (for example, 
half) of a ribozyme and both parts together constitute a full, functionally 
active ribozyme. In accordance with this embodiment, the function of the 
assayed nucleic acid sequence is to bring these two oligonucleotides 
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together, thus yielding a functionally active initiation ribozyme. Thus, in the 
presence of an assayed nucleic acid sequence in the sample, the functional 
initiation ribozyme will be generated which could then be detected in the 
catalytic system of the invention. 
5 In accordance with the completion embodiment of the invention, 

the detection system comprises a seventh oligonucleotide and the assayed 
sequence, complexes with the seventh oligonucleotide to yield a catalytically 
active initiation ribozyme. For example, the assayed sequence may form 
part of the catalytic core of the ribozyme. Thus, in accordance with this 
10 embodiment, the ribozyme is a priori incomplete, and only in the presence 
of the assayed sequence it becomes a complete, cataly tically active ribozyme 
which may then be detected in the catalytic system. 

The assayed sequence may complete the ribozyme by hybridizing 
at its 3'-end to a sequence on one side of the ribozyme's missing portion, 
15 and by hybridizing at its 5'-end to a sequence on the other side of the 
ribozyme's missing portion, thus bridging the missing portion and creating 
b functional initiation ribozyme. 

The assayed sequence may also be able to complete the 
ribozyme's missing portion by "reverse exon splicing", wherein the assayed 
20 sequence is inserted into the ribozyme through suitable cleavage and ligation 
reactions. Said "reverse exon splicing" may be carried out by other 
ribozymes present in the medium. 

In order to decrease the "noise" level of the method of the 
invention and decrease false positive results, it is possible to combine two 
25 or more embodiments of the invention to doubly ensure that no catalytically 
active initiation ribozymes are produced in the absence of assayed 
biomolccules. For example, it is possible to combine the assembly and 
activation embodiments of the invention, whereby catalytically active 
ribozymes wfllUe generated only as a result of two accumulative conditions: 
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assembly of a full ribozyme from its two parts in a magnesium-less mixture, 
and after washing away free incomplete ribozymes, activating of the full 
ribozyme by addition of magnesium ions. 

The ribozymes used in most embodiments of the detection system 
5 of the invention are in most cases universal, i.e. the same ribozyme can be 
used to detect different assayed biomolecules since the specificity is acquired 
by the attached recognition biomolecule (in the activation embodiment), or 
by the first and second oligonucleotide molecules (in the transcription 
embodiment) or by third and fourth oligonucleotide sequences (in the 
10 assembly embodiment). The fifth oligonucleotide in the case of the 
completion embodiment of the invention has to be tailor made for each 
specific nucleic acid to be assayed, since the sequence recognizing the 
assayed sequence is part of the ribozyme itself. 

The present invention also provides reagents required for carrying 
15 out the above method as well as a kit comprising said reagents. 

In the following the invention will be described with reference to 
some non-limiting drawings and examples: 

In the drawings various symbols are used which in the context of 
the present invention have the following meanings: 



20 



25 



Straight line ( ) " DNA strand 

Wavy line ( ) " 8traBd 

A3,C, etc. .. - sequences in the coding strand of a 

DNA 

A'jB' t C\ etc. .. - sequences in the complementary 

non-coding DNA strand 

a*^ etc^ - RNA sequences 

s',b'c', etc - RNA sequences complementary to 

a,b,c 
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detectable label 
inhibitory moiety. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. X shows an embodiment of the catalytic system of the invention 
comprising two species of composite molecules activated by cross-cleavage. 

Fig. 2(.) «d 2(b) show a catalytic system in accordance with an 
embodiment of the invention comprising one species of composite molecule 
10 activated by cross-cleavage or cross-splicing: wherein the ribozyme ts » 
the form of a closed circle (Fig. 2(a)); wherein the ribozyme requires 
splicing for becoming active (Fig. 2(b)); 

Fig. 3 shows various manners in which composite molecules cut be 
separated from one another by -mobilization to distinct sites of the 
15 reaction vessel (3A); by Jinkage to large beads (3B); by linage to charged 
moieties (3C); and by placing each species of composite molecules at 
opposite sides of a porous membrane; 

Rg. 4 shows an example of the detection system according to the 
Ovation embodiment of the invention wherein the ribozyme is activated 

20 by addition of magnesium ions; 

Fig. 5 shows another example of the detection system according to 
the activation embodiment of the invention wherein the ribozyme is 
activated by modification of an inhibitory moiety; 

Fig, 6 shows a detection system in accordance with the transaction 

25 embodiment of the invention; 

Fig. 7(a) and 7(b) show a detection system in accordance with the 
assembly embodiment of the invention; where the recognition sequence of 
the ribozyme hybridize to the assayed nucleic acid sequence (Fig. 7(a)); or 
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where the opened stemp-11 of the ribozyme hybridizes with the assayed 

sequence (Fig. (b)); 

Fig. 8 shows an example of the catalytic system of the invention 

comprising two species of ribozymes activated by cross-ligation; 
5 Fig. 9 shows yet another example of the detection system according 

to the activation embodiment of the invention wherein the ribozyme is 
activated by rendering the cleavable sequence single stranded. 

Fig. 10 show, the cleavage results of a detection system comprising 
the stem-II open ribozyme of Fig 7(b); 
10 Fig. U shows the cleavage results of a catalytic system comprising 

the closed-circle composite molecule of Fig. 2(b); and 

F»g. 12 shows the cleavage results of ribozyme in the presence of 
untreated blood and denaturing agents. 

15 DESCRIPTION OF SPECIFIC EMBODIMENTS 

Catalytic system 

Reference is first made to Fig. 1 showing one manner of 
constructing the catalytic system of the invention. The catalytic system 
comprises two species of composite molecules 10 and 11. Composite 
20 molecule 10 comprises one type of labelled ribozyme which will be denoted 
ribozyme A (12) linked to an RNA sequence denoted b (13). Composite 
molecule 11 comprises another type of labelled ribozyme which will be 
denoted ribozyme B (14) and an RNA sequence . (15). Ribozyme B » 
molecule 11 is capable of cleaving sequence b in molecule 10 and 
25 ribozyme A in molecule 10 is capable of cleaving sequence . m mole- 
cule 11. Initially molecules 10 and 11 are not able to interact since each is 
immobilized to a distinct site of the reaction vessel. Initiation ribozyme 16 
is also capable of cleaving sequence b in molecule 10. 
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lf initiation ribozyme is present in the reaction mixture then 
sequence b is cleaved releasing free ribozyme A (12) to the reacuon 
mixture. Free ribozyme A (12) is able to diffuse within the reaction vesael 
to cleave molecule 11, thus releasing to the reacuon mixture free 
5 ribozyme B (14). Free ribozyme B (14) is again able to migrate through the 
reaction vessel to cleave molecule 10 to release again free ribozyme A (12) 
and the cycle is repeated again and again in a positive-feedback manner. 
Since both ribozyme A and B are labelled, detection of either or both m the 
.upernatant indicates the presence of initiation ribozyme 16 in the reaction 

10 mixture. . . 

The following is an example of molecule 10 comprising a 

ribozyme 12 of the type hammerhead linked to sequence 13 which is then 
labelled at 3'-end by biotin: (Capital letters: 2'-0-methylated; small 
letters. RNA) 

5'CCA cugauga gGCC GAAA GGCc gaa acGUguc CGU AAA- 

The following is an example of molecule 11 comprising 
another ribozyme 14 of the type hammerhead which is capable of cleaving 
20 seqeuencc 13 present in molecule 10. Ribozyme 14 is linked to sequence 
IS capable of being cleaved by ribozyme 12 of molecule which is then 
labelled at its 3'-nd by biotin: (Capital letters: 2'-0-mcthyl.ted; small 
letters: RNA) 

25 5'-GAG ACG cugauga gGCC GAAA GGCc gaa acAC guc UGG AAA 

Although ribozymes A and B are referred to as different 
ribozymes and sequences a and b are referred to as different sequences, both 
the ribozymes and sequences may be actually identical In such a case self- 
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cleavage in each molecule 10 or 11 is avoided by linking the ribozyme to 
it. attached sequence in such a proximity which docs not enable cleavage in 
c*, while free ribozymcs are able to cleave composite molecules in trans. 
This can be done by linking the ribozyme immediately adjacent to its 
5 potentially cleavable sequence. This is because the ribozyme should be 
spaced from its potentially cleavable sequence by several nucletoides for 
efficient cleavage to take place. Therefore, when the ribozyme in the 
composite molecule is linked directly with no spacing to the cleavable 
sequence, there is no possibility of cis cleaving and the sequences can be 
10 cleaved only in trans while enabling only cleavage in trans. 

Reference is now made to Fib. 2(a) which shows another 
alternative where only one species of composite molecules is present in the 
reaction vessel. The catalytic system comprises a single species of 
molecules IT, each comprising a ribozyme C (18') and a cleavable 
15 sequence C (19'). The molecule 17' is in the form of a closed circle and 
thus ribozyme 18' is initially inactive. 

If catalyticaJly active iniation ribozyme 16* is present in the 
media, it is able to cleave the sequence c' and open the ribozyme to become 
active. Open ribozyme 18' can in turn open, by cleavage, additional 
20 composite molecules IT turning them active. Detection can be carried out 
by using a fluorescent label (F) and Rodamine (Rd). When the two are 
adjacent as in the closed molecule the light emission of the fluorescent label 
is quenched and when they are separated, as in the open molecule sequence, 
the light emission of the fluorescent label becomes stronger. 
25 Reference is now made to Fig. 2(b) which shows yet another 

alternative for the catalytic system comprising only a single species of 
composite molecule. Ribozyme 17' has in its core region an extra 
nucleotide sequence 18' which renders the ribozyme inactive. At the 
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terminal of the extra sequence is a blocking group 19 which does not allow 

spontaneous ligation of the open end. 

Initi.tio» riborym. 16 . »„ the catalytic acuvrty of 

spUcing is capable of bo* cie.vi»g out exu. sequence 18 and blockmg 
„o«p 19 and then of ligating the free ends to give a functional ribozyme. 
Functional ribozyme is then capable of splicing other ribozymes m the 
.action medium causing an amplification of the reaction Detect™ 
according to one option (Option 1) is carried out essentially as desenbed m 
Fig »»). bu, in mis case. initUlly the Rodamine (Rd) * the fluorescent 
group (F) are separated and only upon activation of the ribozyme they 
become adjacent, so that active ribozyme is de«c«d by quenching of bght 
emission. According to the second mode of detection (Option 2) the spneed 
out group comprising free extta sequence 18 and Mocking group 19 

curies a detecUble label. 

The advantage* of the mode of Fig. 2(b) resides in a very low 
"noise" level since in order for an inactive ribozyme to become spontane- 
ously active (not in the presence of an initiation ribozyme) two spontaneous 
occurrences must happen spontaneous cleavage (at a probability of 10 /nun 
in 10 mM Mgd at physiological pH and at a temperature of 3TC) and 
20 spontaneous ligation (at a probability of 10 ^/min) giving a very low 
probability tor spontaneous activation (10 u /min). 

The label attached to either or both ribozymes A, B or C 
(Fig. 1) may be any detecUble label known in the art such as a radioisotope, 
a fluorescent label, an enzyme which in the presence of a substrate is 
25 capable of producing a color reaction, etc. 

Fig 3 shows various manners in which the two composite 
molecules 10 and 11 of the first embodiment are positioned so as to avoid 
mutual interaction but allow interaction between free ribozymes 12 and 14 
and compoaite molecules. It should be understood that the same principles 
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apply also to the other manner for constructing the catalytic system of the 
invention, i.e. where only one species of composite molecule is present. 

represented in Fig- 2. 

In Fig. 3(A) molecules 10 and 11 are immobilized onto distinct 
and separate sites of the reaction vessel 18 while ribozymes 12 and 14 
diffuse freely in the reaction mixture. 

Fig. 3(B) shows molecules 10 and 11 which are immobilized 
onto beads 19 the size of which prevents interaction between said molecules. 
However, free ribozyme 12 and 14 are able to diffuse freely in the reaction 
mixture and interact with the composite immobilized molecules. 

Fig. 3(C) shows another example of separating composite 
molecules wherein composite molecules 10 and 11 are attached to charged 
moieties bearing the same charge 37. The electrical rejection between their 
attached moieties eliminates the possibility of interaction between 
molecules 10 and 11. However, free ribozyme 12 and 14 which are 
essentially uncharged are able to interact with the composite molecule. 

Fig. 3(D) shows yet another example of separating the 
composite molecules 10 and 11 by placing them at opposite ends of a porous 
membrane 34 which serves as a sieve, blocking passage of large 
molecules 10 and 11 while allowing passage of the smaller free 

ribozymes 12 and 14. 

Another manner for ensuring that the two composite 
molecules 10 and 11 do not interact is by the use of blocker molecules 
which are complementary to a specific sequence rendering it double 
stranded. According to this manner, composite molecule 10 comprises a 
blocker molecule which renders the cleavable sequence b and part of the 
catalytic region of ribozyme A double stranded. In the partially double 
stranded composite molecule 10. the ribozyme is not active due to the fact 
that its catalytic region is double stranded. Composite molecule 11 is 
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blocked in a similar manner. If initiation ribozyme is present in the reaction 
mixture, it displace* a part of the blocker molecule present on the composite 
molecule 10, and then the initiation molecule is able to cleave sequence b. 
Once sequence b is cleaved ribozyme A is also rendered active since the 
5 partially displaced blocker molecule completely falls off composite 
molecule 10 turning its catalytic region to become single stranded and 
active. Active ribozyme A then displaces the blocker molecule of composite 
molecule 11 in a similar manner as described above cleaving the deavable 
sequence a, turning Ribozyme B single stranded and active. Ribozyme B 
10 then activates composite molecule 10 in a similar manner to the activation 
of the initiation ribozyme described above, and cross activation of the two 
composite molecules can then proceed. 

Reference is now made to Fig. 8 which shows another 
alternative for constructing the catalytic system of the invention. The 
15 catalytic system comprises two species of ribozymes 80 and 81 which are 
active when fully assembled but are inactive when separated to their parts 
80a, 80b and 81a. 81b, respectively. Full ribozyme 80 is capable of ligating 
ribozyme parts 81a and 81b to produce a full and active ribozyme 81. Full 
ribozyme 81 is capable of ligating ribozyme parts 80a and 80b to produce 
20 a full and active ribozyme 80. so that cross-activation proceeds by cross- 
ligation 

Initiation ribozyme 86 or 86* is capable of creating a full and 
active ribozyme 80 either by cleaving a full but immobilized ribozyme from 
a location wherein it is spatially separated from ribozyme parts 81a and 81b. 
25 for example, in one of the manners specified in Fig. 3 (Fig. 8 top left) or by 
being able to ligate parts 80a and 80b to form the full and active 
ribozyme 80 (Fig. 8 top right). 
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DETECTION SYSTEM 

Where the method of the invention is to be used to aid in the 
detection of biomolccules other than ribozymes, the invention includes also 
a detection system capable of producing catalytically active initiation 
ribozyme only in the presence of the assayed molecule. 

Fig. 4 shows one example of the activation embodiment of the 
invention. In this example, the assayed biomolecule is an immobilized 
nucleic acid sequence A (41) for example a DNA sequence. Immobilization 
can be carried out in accordance with any method known in the art. for 
example, with the aid of a cross-linking agent or by trapping the assayed 
nucleic acid molecule between two porous membranes which permit passage 
of smaller molecules. Where the assayed biomolecule is a protein it can be 
immobilized onto beads carrying appropriate trapping agents, such as 
suitable immobilized antibodies, directed against regions which are not 
required for detection, etc. Alternatively, the assayed biomolecule can be 
immobilized onto a nitrocellulose sheet and another protein, such as 
albumin, should then be applied onto the nitrocellulose sheet in order to 
saturate all the sheets' vacant locations and avoid, in the next step, non- 
specific absorption. 

The detection system also comprises first complex molecule 42 

comprising ribozyme 43. linked to cleavable sequence C (44) capable of 
being cleaved by active ribozyme, and further comprises sequence a' (45) 
complementary to the assayed sequence A (41). Ribozyme 43 does not 
self-cleave since molecule 42 is kept in magnesium-less reaction mixture 
which eliminates the ribozymes catalytic activity. This can be done, for 
example, by keeping complex molecule 42 in a magnesium-less EDTA- 
containing reaction mixture. 
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An example of ribozyrae 43 linked to the cleavage sequence 
c' (44) of the type hammerhead (Capital letter: 2'-0-methylated; small 
letters: RNA; over- and underlined: DNA) 

5 V- firAACAGTRGAGGAAAGCC UACguc UGG U ACGU CCA cugauga 
gGCC GAAA GGCc gaa acGUAGU AAA 

Molecules 41 and 42 axe allowed to hybridize to give 
immobilized hybrid 46. Free molecules 42 are washed away, and to the 
10 immobilized hybrid 46 are added magnesium ions in a concentration 
sufficient to activate ribozymes. In the presence of such a concentration of 
magnesium ion ribozyme 43 is able to cleave sequence c', thus releasing 
itself to the reaction mixture while leaving immobilized cleaved hybrid 47. 
Free and catalytically active ribozyme 43 can serve as the initiation 
15 ribozyme in the catalytic system. 

Fig. 5 shows another example of the activation embodiment of 
the invention. Assayed biomolecule 51, which comprises nucleic acid 
sequence A, for example a DNA sequence is immobilized as described 
above. The detection system comprises a second complex molecule 52 
20 comprising ribozyme 53 linked to sequence c' (54) which can be cleaved 
by catalytically active ribozyme and sequence a' (55) complementary to 
sequence A in the assayed biomolecule. The complex molecule also 
comprises an inhibitory moiety 58 which, while present in its unmodified 
form, inhibits the catalytic activity of ribozyme 53. An example of an 
25 inhibitory molecule is a nucleic acid sequence complementary to part of the 
ribozyme. In the presence of such a sequence, the ribozyme folds to an 
inactive three-dimensional form. 

Molecules 51 and 52 are allowed to hybridize to give 
immobilized hybrid 56, and free molecules 52 are washed away. To 
30 separate hybrid 56 are added modifying substances which are able to interact 
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with the inhibitory moiety 58 and modify it to an un-inhibiting form. For 
example, where the inhibitory moiety is a nucleic acid sequence which 
causes folding of the ribozyme, the modifying substance may be a sequence 
complementary to the inhibitory moiety, which hybridizes and blocks the 
5 inhibitory moiety, thus allowing the ribozyme to refold to its active form. 
Alternatively, the modifying substances may be substances able to remove 
or cleave the inhibitory moiety, thus ternunating its inhibitory action. 
Active ribozyme is then able to cleave sequence c , thus releasing itself 
from immobilized cleaved hybrid 57. Catalytically active free ribozyme 53 
10 then serves as the initiation ribozyme in the catalytic system. 

Reference is now made to Fig. 9 which shows another example 
of the activation embodiment of the invention. Molecule 91 comprises the 
sequence of the initiation ribozyme 90, attached to sequence c, deavable by 
the ribozyme. and to sequence a and b which are capable of hybridizing 
15 with the assayed biomolecule being, for example the assayed DNA sequence 
of molecule 94. Molecule 91 further comprises blocker DNA sequence 92 
which comprises sequence B and C, capable of hybridizing to sequences b 
and c of molecule 91, respectively, to give a double-stranded structure. 
Blocker DNA sequence 92 is linked via linker sequence 93. The 
20 ribozyme 90 is not capable of cleaving sequence c since its sequence region 
is double stranded (through hybridization to blocker sequence 92). 

The assayed molecule 94 is then introduced to the reaction 
mixture. If the assayed biomolecule is complementary to a and b of 
molecule 91. then blocker sequence 92 is displaced by the assayed mole- 
25 cule 94 to give hybrid molecule 95. In hybrid molecule 95, the cleavable 
sequence c is single stranded enabling the ribozyme to cleave it and thus to 
be freed to the reaction mixture as a catalytically active ribozyme 96 which 
serves as the initiation ribozyme in the catalytic system. 
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According to this embodiment conditions such as temperature, 
the length of the part of the recognition biomolecule b which is double 
stranded , etc. must be chosen with care so that the assayed molecule is able 
to displace blocker molecule 92 essentially only if the assayed biomolecule 
5 sequences A and B are perfectly matched to recognition sequences a and b. 

Reference is now made to Fig. 6 which shows the transcription 
embodiment of the detection system of the invention appropriate where the 
biomolecule is a nucleic acid sequence. According to this specific 
embodiment a correct DNA template, which eventually brings to the 
10 transcription of initiation ribozyme, is assembled from its parts only in the 
presence of the assayed nucleic acid sequence. The detection system 
comprises a first oligonucleotide molecule 61, being essentially DNA, 
comprising from 3'— 5'; a double-stranded promotor, a sequence R coding 
for the complementary sequence of the initiation ribozyme, a sequence C 
15 coding for a sequence cleavable by a catalytically active ribozyme, and a 
sequence Di complementary to the 5 '-part of the assayed nucleic acid 
sequence. The detection system further comprises second oligonucleotide 
molecule 62, being essentially DNA comprising from 3'— 5'; a sequence D, 
complementary to the 3 '-part of the assayed nucleic acid sequence and a 
20 triggering oligonucleotide template (TRIG). If assayed nucleic acid se- 
quence 63 is present, and under appropriate hybridization conditions, 
sequence D, of molecule 61 and sequence D* of molecule 62 hybridize with 
sequences D*' and D a ', respectively, of the assayed nucleic acid sequence 
to give hybrid 64. 

25 In the presence of transcription system non-template strand 

oligonucleotide 65 is produced, comprising from 3'-*5': triggering 
oligonucleotide sequence trig, d,' and d/ sequences, sequences c' r\ 
complementary with those of the cleavable nucleic acid sequences and the 
initiation ribozyme, respectively. 
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To the reaction mixture arc added molecules of back promoter 
construct 66 comprising a single-stranded DNA promoter linked to a 
sequence capable of hybridizing with the oligonucleotide triggering sequence 
TRIG. Under appropriate conditions the back promoter construct 66 
5 hybridizes with molecule 65 to give hybrid 67. In the presence of a DNA 
polymerase the single-stranded promoter is completed to give a functional 
double-stranded promoter in hybrid 68. 

Hybrid 68 can serve, in the presence of transcription reagents, 
as a template for the production of final oligonucleotide transcript 69 
10 comprising from at its 5 '-end: an initiation ribozyme sequence r and a 
cleavable sequence c capable of being cleaved by said ribozyme. 

The ribozyme r cleaves cleavable sequence c thus releasing 
itself to the surrounding medium in the form of free ribozyme 70. Free 
ribozyme 70 can serve as the catalytically active initiation ribozyme in the 
IS catalytic system- 
One mode of the assembly embodiment of the invention is 
shown in Fig. 7(a). The detection system comprises assayed 
biomolecule 71, comprising a nucleic acid sequence A, A,. In addition, the 
detection system comprises a part of a ribozyme 72, comprising oligonu- 
20 cleotide sequence »'j complementary to sequence A| and another part of a 
ribozyme 73 comprising oligonucleotide sequence a,' complementary to 
sequence A*. The parts of ribozyme 72 and 73 together constitute a 
complete ribozyme if the two parts are assembled. 

If assayed molecule 71 is present in the medium, it can 
25 hybridize to » t of ribozyme part - 72 and a? of ribozyme - part 73 bringing 
the two parts together to form functional ribozyme-assayed sequence hybrid 
76, which may serve as an initiation ribozyme in a catalytic system, for 
example, by cleaving molecule 77, which cleavage may be required to 
initiate the amplification cascade in the catalytic system. 
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Another mode of the assembly mode of the invention is shown 

in Fig. 7(b). 

Ribozyme 79 of the hammer-head type has been constructed 
in which Stem-11 has been shortened to have only one complementary 
5 nucleotide (represented by one line in the Fig. 2b) and the remaining portion 
of the stem have been opened to give arms a and b. Ribozyme 79 is 
capable of hybridizing with sequence 70 to form Stems 1 and III and then 
perform the catalytic activity, for example, cleavage of sequence 70. 
However, a priori ribozyme 79 is incapable of cleaving the cleavable 
10 sequence 70 since its Stem-11 is open and inactive. Arms a and b of the 
opened core have been constructed to be complementary to sequences A 
and B of the assayed sequence, for example, DNA sequence 80. 

In the presence of assayed DNA sequence 80, the arms a and b 
of the stem-H ribozyme 79 are hybridized to the assayed sequence to 
15 produce a fully double-stranded Stem-11 and thus the ribozyme becomes 
catalytically active and can serve as an initiation ribozyme in a catalytic 
system where, for example, cleavable sequence 70 is part of an enzyme in 
the catalytic system which requires cleavage for its activation. 

20 EXAMPLES 

Example 1: Detection of an assayed nucleic add sequence using a 
ribozyme with an open stem-II 

Ribozyme HH8 was dissected into two parts at the loop of 
25 stemp-H. Each of the two ribozyme halves of HH8 (HH8-3 and HH8 5) 
has a different additional 17 bases tail sequence complementary to the 
LAMTAR0 DNA target molecule. In the presence of the target, the two 
halves are brought together and form an active ribozyme. In the LAMTAR0 
target the two sequences complementary to the ribozyme halves are 
30 continuous. In the other LAMTAR molecules (LAMTAR1 through 
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LAMTAR4) the two sequences ere separated by 1 to 4 non-complementary 
bases respectively. The ribozyme substrate ia SB8-24 which contains the 
sequence recognized by HH8. 

5 (a) Method: 

1. Sequences: 

Oligodeoxyribonudeotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
10 for all RNA synthesis [cr» P] UTP [3000Ci/mrnolJ was purchased from 
Rotem Industries Ltd., Israel. 
DNA targets: 

15 LAMTAR1: I, I, ..riT-rrrr-r.*. v 

LAMTAR3: _ ,. , ,, , ,, nnr a. v 

t jskVrr*AR4* 

vc«rT T^AgTT^Arx^cA^cr rATA rnArrA f rT yiC^ y 

1 1«*4*rli«-<4_r^wmls>fri»nlaxV tO ribOZYTnO b*)f; 



25 



35 



Underlined -coinpiepienUTy to ribozyme telf; 
Botd-non-cemptanenury tdUUioMl i«quence. 

RNA transcripts: 



SB-24 (suMraie for HHS): 

5' QGUCACAAUGUCGGUCG AGUUCCA 3' 

30 y^A^GA^GGccnrr^ kmwtwmvjcq y 

HH8-5 (ribozynw half): ^ wi ,,_ 

"^MT^rr^ rr,GUCGGGCCOAAACAUUAA 3 
Underlined -waiplcmenttry to Uigtt. 



2. Preparation of RNA: 

DNA oligonucleotides were synthesized according to (1) above. 
The oligonucleotides were purified by electrophoresis on 15% polyacryl- 
amide 7M urea gel. UV-shadowed and eluted overnight at room temperature 
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i„ 0.5M Tris-Cl (pH-7.0). 0.1% SDS and 0.1 mM EDTA. Eluted DNA 
was precipitated with 0.1 volumes of 3M sodium acetate and 3 volumes of 
ethanol, suspended in 1 mM Tris-Cl (pH-7.0) and 0.1 mM EDTA and 
stored at -20'C until use. Purified oligonucleotides were annealed to 
5 complementary non-template T7 RNA polymerase promoter oligonucleotide 
(TAA TAC GAC TCA CTA TAG G) in 20 mM each by incubating at 95 C 
for 15 seconds and at 70'C. 60'C. 55'C. 50'C. 45'C, 40'C and 37'C for 
5 min at each temperature. Transcription reaction mixture (50 ml) contained 
2 mg of annealed DNA. IX reaction buffer. 10 mM Dithiothreitoi. 2 mM 
10 ATP. CTP and GTP. 1 mM UTP. 25 mCi [*» P) UTP and 1.1 mM MgO. 
The mixture was incubated for 1 hr at 37' C and then for 5 minutes at 80 C 
to deactivate the enzyme. The RNA was precipitated as describe* 
Transcripts were purified by electrophoresis on 15% polyacrylamide 7 M 
urea gel. RNA was located by autoradiography and eluted as described^ 
15 Eluted RNA was precipitated as described, resuspended in O.lX TE and 
counted in scintillation flour (Luma LSC). 

3. Cleavage reaction: 

Reactions (10 ml) were normally carried out in the presence 
20 of 0.5 pmol riboryme. 50 mM Tris-Cl (ph-7.5), 1 mM EDTA (pH-7^) 
0.05% SDS and 30 mM MgCl 2 . The reactions were preincubated at 95 C 
for 1 min in order to eliminate alternative RNA conformations which may 
have formed during storage at -20«C The reactions were incubated at 37 C 
for 1 hour and stopped by adding a dye solution containing 10 M urea and 
25 10 mM EDTA and put on ice. The samples were denatured at 80"C for 5 
min and run on 15% polyacrylamide 7 M urea gel. 
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(b) Resulti: 

The results of the polyacrylamidc gel are shown in Fig. 10. 
Ribozyme without a target did not produce appreciable cleavage. When the 
target was added, enhanced cleavage resulted. The enhancement was 
5 greatest in LAMTAR4 Ribozymcs tested. 

Example 2 Catalytic system comprised a closed-circle composite 
molecule 

10 The SLS-precursor ribozyme (Rz) is a circular Rz with 11 bp 

long stemp-11. The two recognition arms are connected in tandem with an 
extra cleavage base separating them. Therefore this robozirne has no 
activity, but serves as a template for active ribozymes. Once it has been 
cleaved, the "open" ribozyme becomes active (as shown schematically in 

15 Fig. 2(b)). In order to initiate the catalytic system an initiation ribozyme 
must be present. Spontaneous cleavage of RNA occurs at a rate of 1 event 
per 10* molecules per minute in 30 mM MgCl, at 37*C. A circular 
ribozyme spontaneously cleaved at the cleavage site becomes active and is 
capable of serving as the trigger. 

20 

(a) Methods 

1. Sequences: 

Oligodeoxyribonucleotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
25 mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
for all RNA synthesis [cr» P] UTP [3000Ci/mmol) was purchased from 
Rotem Industries Ltd., Israel. 

The RNA precursor (SLS's) sequences were: 5' GGU CAG 
CAG UCG AA [Recognition arm I] X [Recognition arm III] CUG AUG 
30 AGA CUG CUG ACC A 3' 
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25 



2. 



1 above. 



Preparation of RNA 

Preparation of RNA was conducted as described in Example 



30 



3. Spontaneous cleavage reaction; 

Reactions (10 were normally carried out in the presence of 
5 pmol precursor ribozymc (SLS-transcriots), 50 mM Tris-Cl (pH-7.5). 1 
mM EDTA (pH-7.5). 0.05% SDS and 300 mM MgO* The reactions were 
preincubated at 95*C for 1 min in order to eliminate alternative RNA 
conformations which may have formed furing storage at -20"C The 
reactions were incubated at 37*C for 1 hour or overnight and stopped by 
adding a dye solution containing 10 M urea and 10 mM EDTA and put on 
in. The samples were denatured at 80'C for 5 min and run on 15% 
poly aery lamide 7 M urea gel. 

(b) Results 

The results of the polyacrylamide gel are shown in Fig. 11. 
A panel of 8 different circular ribozymes was examined for cascade activity. 
The cascade was initiated, by spontaneous cleavage as described above. As 
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shown in Fig. I. one of the ribozymes (#313) demonstrated a functioning 
catalytic cascade resulting in amplification in a positive feedback manner. 

Eaample III Wboxyme inhibition by blood and various materia 
Example u ^ f ^ DNA preparation 

All amplification techniques require a sample preparation step 
to release nucleic acids and eliminate inhibition of the reactions by blood 
components. Several materials like SDS, phenol and guanidinium are used 
in these preparations. An amplification reaction without the need of a 
sample prep step is to be performed. Ribozyme activity in the presence o 
blood, with and without nucleic acid releasing agents, was tested. Both 
RNA-only and modified ribozymes were examined. 

15 (a) Method 

1. Oligonucleotides: 

Oligodeoxyribonucleotides were purchased from the unit for 
molecular biology of the Haddassa Hospital, Mount Scopus, Jerusalem. The 
modified ribozyme was synthesized by RP1. Boulder. Co. The Amphscnbe 
20 T7 transcription kit (Epicenter Technologies) was used for all RNA 
synthesis. [y»P] ATP [oOOOci/mmol] and [a»P] UTP [30O0Ci/mmol] were 
purchased from Rotem Industries Ltd., Israel. T4 Polynucleotide kinase was 
purchased from NEB, Beverly, Ma. 

25 2. Ribozymes: 

DS-LS-RXA3-6: 3' nrft^fiT^AriQ^OCCUACy.cUOOUACGUCCA 
cugausegOCCGAAAGGCcg.aacOUAGUAAA 3 
Lowercase- ribonucleotide*; 
Uppercase- 2'-0-MeUiyJ modification; 
VnflBTlirtf deoxyjibonucieottdM. 



30 



f^^^AOCACKK^^GGCCOAAACAUUAA 3'. 
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3. Labeling of modified ribozyme: 

50 pmoles of the ribozyme, 10 units of T4 Polynucleotide 
kinase and 20 a*21y»P] ATP were incubated in IX reaction buffer in a total 
volume of 10 jd at 25«C for 1 hr. The reaction was terminated by 
5 incubation at 60°C for 10 minutes. 

4. Preparation of RNA: 

HH8 template DNA oligonucleotide was purified by electro- 
phoresis on 15% polyacrylamide 7 M urea gel, UV-shadowed and eluted 
10 overnight at room temperature in 0.5 M Tris-Cl (pH-7.5). 0.1% SDS and 
0.1 mM EDTA. Eluted DNA was precipitated with 0.1 volume of 3 M 
sodium acetate and 3 volumes of ethanol, resuspended in 0.1 XTE (1 mM 
Tris-Cl pH-7.0 and 0.1 mM EDTA) and stored at -20«C until use. Purified 
oligonucleotide was annealed to complementary non-template T7 RNA 
15 polymerase promoter oligonucleotide (TAATACGACTCACTATAGG)^ in 
20 fOA each by incubating at 95°C for 15 seconds and at 70"C 60'C, 55"C. 
50°C. 45°C 40»C and 37»C for 5 min at each temperature. Transcription 
reaction mixture (50 jd) contained 2 fOA of annealed DNA, IX reaction 
buffer, 10 mM Dithiotbreitol, 2 mM ATP. CTP and GTP, 1 mM UTP, 25 
20 mG [a* PI UTP and 1.1 mM MgCi,. The mixture was incubated for 1 hr 
at 37-C and then for 5 minutes at 80°C to deactivate the enzyme. The RNA 
was precipitated as described. Transcripts were purified by electrophoresis 
on 15% polyacrylamide 7 M urea gel. RNA was located by autoradiography 
and eluted as described. Eluted RNA was precipitated as described. 
25 resuspended in 0.1X TE and counted in scintillation flour (Luma LSQ- 

5. Cleavage reaction: 

Reactions (10 /d) were normally carried out in the presence of 
0.5 pmol modified ribozyme or HH8. 50 mM Tris-Cl (pH-7.5), 1 mD 
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^ v/ vf B n 1 ul of whole blood or 
, rr -f » SDS and 30 mM Mg^»2 1 A** W1 

EDTA (pH-7.5), 0.05% SD* mnonfsnt were added (See Fig- 

0, , * whole blood and -^^^ ^ by ^ 

. dye solution containing 10 M urea ana i DO i ya crylam.de 
sampleB were denatured at 80' C for 5 mm and run on 15% poly ry 



10 



15 



7 M urea gel. 



(b) Results whcre . n 0 5 pmol or 

The results are shown in fig- **» 

• Kamol . ^ i ul blood was mixed with 

r^rs^i^rv^pLo, — - ^ 

eithei 10% so» » ■» » , ^ paction 

of each treated blood sample or the agent alone «» »««> 

! ^Tr«u ta o, ribozyme activity » no. inhibited by e,ther 1* 

0.35 gu* ribozymes. These 

««t Untreated blood degrades the rina pwi " 

of the invention in that derating agents — ^V^™ 
eaUiyUc »»p.e do no, hinder eatalytfe acUvi.y of the nbtzoyn*. 
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CLAIMS: 

^Wta ribozymc in a medium, - «* 

ribozymcs of the catalytic system, their catalytt 
8 uch other ribozymes causing either: 
10 (i) activation of inactive riboryme*. 

<j> rcl ease of spaUally confined ribozymes to allow 

them to reach their targets; 
the initiation ribozyme on said some of the no 

Jc.taiy.ic ° f * rtbOIymCS ^ ' ^ 

detectable properties; 

(c) p,.v,di» 8 conditions >~ l^U^ent 
teW ,Uon Hbozyme ana —rf-UT -*» "^"^V^Ly «*. 

Ik. owlytte lysten. are .ettv.ted or neea pIoper tie. 
(d) detecting Mid detectable propcrt.es, a change • . P P- 

< .1.. o^mnce of in active initiation ribozyme at mm 
being an indication of the presence or an 

medium* 
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2. 

(a) 



:r^r~ 



10 



15 



ribozymc becoming cataiyucw-r 

o, M id first " b ^~: ( ^ becoming 

. Jeast one of ...d f.rs. or s>lo inWa1i0 n 

culytieally active also upon catalyse »c»v,.y 

TT one of said to. « «« — "** * 

- * one of ' lrf , ctivi . v of «, e other ribozyme 

first and .aid second nbo t ym. - «.« *""^ gcinMid parties 
beta, an indication of the presence of an .cl. 

A „etl«Klaccordmg«oa.iml.comprW».. 

contaetin, the medium with . ^^Z ^ 
„«rfeic acid molecule, comprising » 

— jr^rr.^^ — 

acid sequence, cleavage oi w 
Btt, ribozyme from -id fir* composite molecule. 
: ^ composite nncieic -J — eom^. 
«~nd ribozym. of , «»d "P^j 1 deavlble 
deavable nucleic acid sequence, !ulkc0 10 



medium- 
20 3. 

(») 
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„~ deavaac of said first sequence releases 
nucleic acid sequence, cleavage m 

f.«m uid second composite molecule, 
said second ribozyme from said secunu i- 
saio sew* ,-iEavable sequences being 

at le*st one of said first or second dcavab.e q 

deavable also by said initiation ribozyme; 

•.. a «d »aid second composite nucleic acid 
_ said, first composite and said seco 

m otecules being separated from one another to avoid 
between the two composite molecules. molecule8 
at fcast one of said first and said second composite modules 
' ^ m stable label, said label being released to the 
medium following cieavage by the ribozyme com- 

wised in the other composite molecule. 

which alio- of *«»— between 

second composite nudcic acid »^ - o[ reluied 

5 (C) <*e Prince of released lcllvc 

iahel in .he medium indicating *• P—» °< ** ^ 

„ lie** *. medium - • — ^ a -^— 
„ nboxym. being. - ^f-"r,7^ ytically inaetfve thud 

riborymc becomes acuv* «r 
molecules of caulyucally acuve thud riboxymes; 
I TU< i»«Uve Uurd riboxym. beeomtng 

■ ieLw-ca^Uc^cf^iniUa.ohn^ 
. L .hud ,.b«y»e can.es , label such «», »pon ^ 
2w of ,he other thud Hbozym. mo.eo.ie thereon, there 
a change in the detectable properties of s».d label; 
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(b) providing conditions suitable for said third ribozyme and said 
initiation ribozyme to exert their catalytic activity ; and 

(c) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium- 

5. A method according to Claim 1. comprising: 

(») contacting the medium with a catalytic system comprising: 
a composite nucleic acid molecule, comprising a labelled 
ribozyme linked to a cleavablc nucleic acid sequence in an 
orientation or at a location which prevents cleavage of said 
nucleic acid sequence by said ribozyme while present in the 
composite molecule, said nucleic acid sequence being 
cleavable by said ribozyme when it is present in a free form, 
thereby releasing said labelled ribozyme from said composite 

15 molecule; 

said cleavable nucleic acid sequence being cleavablc also by 

said initiation ribozyme; 

said composite molecules being separated from one another to 
avoid contact therein between. 
20 Cb) providing conditions which enable ribozyme cleavage and 

which allow migration of cleaved ribozymes between said separated 

composite molecules; and 

(c) detecting the presence of released labels, presence of released 
label in the medium indicating the presence of the catalytically active 

25 ribozyme in the medium. 

«. A method according to Claim 4. for detecting the presence in 

a medium of a catalytically active ribozyme having the catalytic activity of 

cleavage comprising: 

(a) contacting the medium with a catalytic system comprising: 
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a composite nucleic acid molecule comprising a ribozyme 
which has a cleavable nucleic acid sequence, said composite 
molecule being in the form of a closed circle and said 
cleavable nucleic acid sequence being cleavablc by the 
5 composite molecule in an open form; 

said cleavable nucleic acid sequence being cleavable also by 
the initiation ribozyme; 

said composite molecule carrying a detectable label which 
changes its detectable properties upon opening of the closed 
10 composite molecule; 

(b) providing conditions which enable ribozyme cleavage and 

migration; and 

(c) detecting for said detectable properties a change in said 
properties being an indication of the presence of catalytically active 

15 ribozyme in the medium. 

7. A method according to Claim 4, for detecting the presence in 

a medium of a catalytically active initiation ribozyme having the catalytic 

activity of splicing comprising: 

(a) contacting the medium with a catalytic system comprising: 
20 a sixth ribozyme having, in a region thereof essential for its 

catalytic activity, an extra nucleic acid sequence, said nucleic 
acid sequence renders the ribozyme inactive; 
splicing of said extra nucleic acid sequence renders the sixth 
ribozyme active; 

25 - said extra nucleic acid sequence is capable of being spliced 

from the composite molecule by said sixth catalytically active 
ribozyme; 

said extra nucleic acid sequence is also capable of being 
spliced by catalytically active detectable label; 
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said sixth ribozyme carrying a detectable label which changes 
its detectable properties upon splicing of the extra nucleic acid 
sequence. 

(b) providing conditions which allow ribozyme splicing; and 
5 (c) detecting said detectable properties a change in said properties 

being an indication of the presence of catalytically active ribozyme in the 
medium. 

8. A method according to Claim 3. wherein the first and second 
composite nucleic acid molecules are located on opposite sides of a porous 

10 membrane blocking their passage therethrough while enabling passage of 
first and second free ribozymes. 

9. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are immobilized on a substrate. 

10. A method according to Claim 5, wherein each composite 
15 molecule is immobilized on a substrate. 

11. A method according to Claim 9 or 10, wherein the substrate 

is a bead. 

12. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are linked to moieties having the same 

20 electrical charges. 

13. A method according to Claim 5. wherein each composite 
molecule is linked to a charged moiety, all moieties in the reaction mixture 
having the same charge. 

14. A method of detecting the presence of an assayed biomolecuies 
25 in a test sample comprising the steps of: 

(a) contacting the sample with a detection system under conditions 
which enable production of catalytically active initiation ribozyme essentiaUy 
only if the assayed biomolecules are present in the sample; and 
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(b) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
IS. A method according to Claim 14, comprising: 

5 (a) providing a first complex molecule comprising, an initiation 

ribozyme under conditions wherein the ribozyme is catalytically inactive and 
a recognition biomolecule capable of specifically recognizing and binding 

said assayed bioxnoleculc; 

(b) contacting said first complex molecule with the test sample 
10 under conditions which allow binding between said recognition biomolecule 

and said assayed biomolecule while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation riboryme 

15 is rendered active; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
16. A method according to Claim 15, comprising: 

20 (») providing a first complex molecule comprising: an initiation 

ribozyme, under conditions wherein the ribozyme is catalytically inactive, 
and a recognition biomolecule capable of specifically recognizing and 
binding said assayed biomolecule, said ribozyme being linked to a cleavable 
nucleic acid sequence capable of being cleaved by a catalytically activated 
25 initiation ribozyme. wherein cleavage of said cleavable sequence releasing 
catalytically active initiation ribozyme to the surrounding medium; 

(b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
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and said assayed biomolecule while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 
is rendered catalytically active to cause cleavage of said deavable sequence 
and thus release the initiation ribozyme into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. presence 
thereof, indicting the presence of the assayed biomolecule in the sample. 
17. A method according to Claim 15, comprising: 

(a) providing a hybrid molecule comprising: an initiation ribozyme 
linked to a deavable nudeic add sequence which is capable, when single 
stranded, of being cleaved by the initiation ribozyme. cleavage of said 
deavable sequence releasing catalytically active initiation ribozyme to the 
15 surrounding medium, the hybrid molecule further comprising a recognition 
biomolecule capable of specifically recognizing and binding said assayed 
biomolecule, said deavable sequence and a part of said recognition 
biomolecule being a priori, double stranded; 

(b) contacting said hybrid molecule with the test sample under 
20 conditions which allow displacement of one strand of the double stranded 

part of the recognition biomolecule and the deavable nucleic acid sequence 
by an essentially perfectly matched assayed biomolecule; 

(c) providing conditions allowing for cleavage by catalytically 
active ribozymcs to cause cleavage of single stranded deavable sequence. 

25 thereby releasing catalytically active initiation ribozyme into the surrounding 
medium; and 

(d) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 
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18. A method according to Claim 15, comprising: 

(a) providing a second complex molecule comprising an initiation 
ribozyme and a recognition biomolecule capable of specifically recognizing 
and binding said assayed biomolecules, said ribozyme linked to a clcavable 
5 nucleic acid sequence capable of being cleaved by catalytically active 
initiation ribozyme, cleavage of said cle.vable sequence releasing catalyti- 
cally active initiation ribozyme to the surrounding medium, said second 
complex molecule also comprising an inhibitory moiety capable of inhibitiiig 
the catalytic activity of said initiation ribozyme; 
10 (b) contacting said second complex molecule with the test sample 

under conditions which allow binding between said recognition molecule and 
said assayed biomolecule while maintaining the inhibitory moiety in its 

inhibiting form; 

(c) removing unbound second complex molecules; 

(d) modifying said inhibitory moiety in the bound second complex 
molecules so as to remove its inhibitory effect thereby causing cleavage of 
said deavable sequence and releasing the initiation ribozyme into the 

surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 

19. A method according to Claim 15, wherein the conditions in (a) 
are essentially lack of magnesium ions and step (d) comprises adding to the 
reaction medium magnesium ions in a concentration sufficient to render said 

25 initiation ribozyme catalytically active. 

20. A method according to Claim 14. wherein the assayed 
biomolecule is a nucleic acid sequence and the method comprising the steps 
of: 

(a) contacting the sample with a detection system comprising: 



15 



20 
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a first oligonucleotide molecule having a double-stranded 
promoter, a single-stranded oligonucleotide sequence being 
essentially DNA which is essentially identical with the 
initiation ribozyme sequence, a single-stranded sequence 
5 being essentially DNA which is essentially identical with a 

cleavablc sequence capable of being cleaved by a catalytically 
active initiation ribozyme and a single-stranded sequence 
which is complementary to the 5 '-part of the assayed nucleic 
acid sequence; 

10 a second oligonucleotide molecule having a single-stranded 

sequence being complementary to the 3' -part of the assayed 
nucleic acid sequence and further comprises a single-stranded 
triggering oligonucleotide template which can be transcribed 
to give a triggering oligonucleotide sequence, said triggering 

15 oligonucleotide sequence capable, in the presence of a back 

promoter construct and DNA polymerase, to trigger a reaction 
in a transcription system wherein the sequence to which it is 
attached is transcribed; 
Cb) providing conditions which allow the hybridization of said first 

20 and said second oligonucleotide molecule to the assayed nucleic acid 
sequence; 

(c) adding a transcription system, under conditions which allow 
transcription, whereby triggering oligonucleotide sequence is transcribed, 
said triggering oligonucleotide sequence, in the presence of a back promoter, 
25 DNA polymerase and transcription system and under conditions allowing 
hybridization, DNA polymerization and transcription, brings to transcription 
of a final oligonucleotide transcript comprising initiation ribozyme linked to 
a cleavable sequence capable of being cleaved by catalytically active 
initiation ribozyme; 
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(d , providing conditions which allow cleavage of said cieavable 
.eouence by said catalytically active riboryme. to cause cleavage of said 
Zvable sequence and thus release itself into the surrounding medmm; and 
( e) detecting the presence of the catalytical.y active —on 
riboryme according to the method of any one of Claims 1-5 presence 
thereof, indicating the presence of the assayed biomolecule m *e samp ^ 
21 A method according to Claim 14. wherem the assayed 

biomolecule is a nucleic acid sequence and the method comprising the steps 

(a) incubating the test sample with a detection system comprising: 
_ a third composite molecule comprising a third single-stranded 
oligonucleotide sequence being complementary to the 5'- P axt 
of the assayed nucleic acid sequence, said third oligonucleotide 
sequence being linked to a part of the initiation riboryme; 
a fourth composite molecule comprising a fourth single- 
stranded oligonucleotide sequence being complementary to the 
remaining 3 '-part of the assayed nucleic acid sequence, satd 
fourth oligonucleotide sequence being linked to a part of the 
initiation riboryme required to complete the riboryme hnked 
20 to the third oligonucleotide sequence to give a complete 

initiation riboryme; 
<W providing conditions allowing hybridisation of said third and 
fourth oligonucleotide sequences with the assayed nucleic .cid .eouence and 
which enable assembly of » full initiation riboryme from it. parts; and 
M (c) detecting the presence of the catalytic*!!, active inm«»n 

rtbozyme according to .he method of any one of Claim. 1-5. presence 
.hereof, indicating the presence of the assayed biomolecule in the sample- 



15 
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^ *« Claim 14. wherein the assayed 



of: .. . ««»mDle with a detection system comprising: 

« incubating ft. <« »™^" ,h wherein wn , e of the 

. . ribcyme of the ™^ ^ bwn „«, 

Stem-H is at-ched » 
herein *c remauurg doubte «« „ 
.wo singie-suanded «q«nc» one bern, J ^ 

, r assayed nucleic acid sequence «*« 
the 3'-end of the assayed lhe 5 '-end of .he nucleic acid 
0 being complementary to the > «■» 

sequence; 

. aaidribozymebemgaprioritnaerive; 

. bybridl-tion of s^d two ZZZZZZ* 
eomplememwy sequence, renders the nborym 

w J!, ...owing hybridan of «id rfcozym. 

^ ^it^Tl^T - ^ caUiyticeUy aoive initiation 
(c) detecung the presence ^ preien „ 

rfbozyme according <o * * * 

20 thereof. indicating the pre*»« of *■ „ ^ 
23 A method according to Own 1. for detects r 

* medium of . — «— ~"« * ^ 

of ^e ^ ^ . ^ syrtem comprising 

<„ contacting n ^ ^ ^ rf , flftt) 

leasing cataiyticaUy .cuve fourth ribozyme to the surround 
tag medium; 
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, fifth ribozyme which arc capable of being 
- two parts of a fifth nbozym ^ ically active 

ligated by the fourth ribozyme to v J * of 
fifth ribozyme, said fifth hbozyme bemg of a Wmd cap 
"gating P«ts of a fourth nbozyme; o£ bcinfe 

. W o parts of a fourth ribozyme which - ^ 

Ugated by the fifth ribozyme to give a catalyncauy 
fourth ribozyme; pans 

« the rath ribozyme « 'void -u=» 

I one o« said fourth or said fifth ribozyme ~mes label. 
' ^ Can S es i« — P^s -pcn Uga^ 

which allow migration of the cleaved nm 

° fte r ri ^» - *- c ° ,,dttions a,,owin8 nboiyme 

t f th c oresence of said initiation ribozyme in s» 
being an indication of the presence 

B,edimn ' m i for detecting the presence in 

ligation comptiai.* , y „cm comprising: 

(.) contacung the medmrn «• 

mw) by . four* ribozyme « ^'^d capable of 
Mb ribozyme. .aid fifth ribozyme bemg of » W 

Unto* P«» »' ' founh lib ° iymC ', h „ pjblc of being 
of . folII th ribozyme which we eapaoie o »» 
two parts ol a to"™ -.ul vocally active 

Ugated by a fifth ribozyme to produce a eatalyoc. y 
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fourth ribozyme; said fourth ribozyme being of a kind capable 
of ligating parts of the fifth ribozyme; 
either said two parts of the fifth ribozyme or said two parts of 
the fourth ribozyme are capable of being ligated by a catalyti- 
5 cally active initiation ribozyme; 

at least one of said fourth or said Fifth ribozyme carries labels 
which changes its detectable properties upon ligation; 

(b) providing conditions allowing ribozyme ligation; 

(c) detecting said detectable properties, a change in said properties 
10 being an indication of the presence of said initiation ribozyme in said 

medium. 

25. A kit for use in the method of any one of Claims 1 to 24. 
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DETECTION OF BIOMOLECULES 



FIELD OF THE INVENTION 

The present invention concerns a method and kit for the detection 
of the presence of catalytically active ribozymes in a medium. The method 
and kit of the invention may be useful within the framework of a method 
5 and kit for the detection of the presence of specific biomolecules in a test 
sample. 

BACKGROUND OF THE INVENTION 

Detection of the presence of specific biomolecules, such as DNA 
10 or RNA sequences, proteins, antigens, antibodies, etc., in a sample is 
required for a variety of experimental, diagnostic and therapeutic purposes. 
A multitude of assays are available for detecting proteinaceous biomolecules 
such as gel electrophoretogram, HPLC, affinity chromatography, as well as 
other assays which are performed by use of an appropriately labelled probe. 
15 While such assays are satisfactory where the proteinaceous biomolecule to 
be detected is present in sufficiently large quantities, they are at times not 
sensitive enough to allow detection of minute quantities of biomolecules. 
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DNA or RNA sequences can be detected by the use of a labelled 
probe. Where the DNA or RNA sequences to be detected present in only 
very small amounts, they have to be amplified by methods such as LCR 
(ligase chain reaction), SSR (self-sustained sequence replication) or PCR 
5 (polymerase chain-reaction). 

Although amplification methods such as PCR have had an 
extremely high impact on basic research, they have been slow in making the 
transition to the clinical setting. The primary reason for this is that the 
requirement for automation combined with the clinical environment of the 

10 samples, have yielded processes that are complex, slow and expensive. The 
need for protein enzymes with their high sensitivity to environmental factors 
necessitates a very controlled environment in which they are to operate. 
Typically, a clinical sample contains many components that can interfere 
with the enzyme's ability to perform its catalytic activity. In addition, the 

15 standard methods that are used for sample preparation to release the nucleic 
acids, such as Guanidine thiocyanate or Phenol extraction are unsuitable for 
protein based enzymatic activity and it is therefore necessary to remove the 
target nucleic acid from sample preparation. 

Ribozymes are typically RNA molecules having enzyme-like 

20 catalytic activities that are usually of cleavage, splicing or ligation of nucleic 
acid sequences. The known substrates for ribozymes are RNA molecules 
although there have been some indications that ribozymes may act on DNA 
molecules and on proteins. 

Natural ribozymes which participate in intracellular reaction work 

25 in cis, catalyzing only a single turnover, and are usually self-modified 
during the reaction. However, ribozymes can be engineered to act in trans, 
in a truly catalytic manner, with a turnover greater than one and without 
being self-modified. Two distinct regions can be identified in a ribozyme: 
the binding region which gives the ribozyme its specificity through 
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hybridization to a specific nucleic acid sequence (and possibly also to 
specific proteins), and a catalytic region which gives the ribozyme the 
activity of cleavage, ligation or splicing. Each class of ribozymes cleaves 
a different sequence of nucleotides using a distinct mechanism of action. 
5 Each class is further distinguished by the number of nucleotide bases that 
are essential for its catalytic activity and by the degree of the specificity of 
the ribozyme and the target sequence (Robert H. Simons, Annual Review 
of Biochemistry, 61, pp. 641-671, (1992)). 

It has recently been proposed to use ribozymes in order to treat 

10 diseases or genetic disorders by cleaving a target RNA, such as viral RNA 
or messenger RNA transcribed from genes that should be turned off. This 
method is proposed as an alternative to blockage of the RNA transcript by 
the use of antisense sequences. Owing to the catalytic nature of the 
ribozyme, a single ribozyme molecule cleaves many molecules of target 

15 RNA and therefore therapeutical activity is achieved in relatively lower 
concentrations than those required in an antisense treatment (WO 96/23569). 

The use of ribozymes for diagnostic purposes has been only 
seldomly mentioned. WO 94/13833 describes a method for detecting 
nucleic acid molecules in a solution by tailoring a specific ribozyme 

20 molecule having two regions, one complementary to the nucleic acid 
sequence to be detected, and the other complementary to a co-target 
molecule bearing a detectable label. The ribozyme is able to specifically 
and reversibly bind both a selected target nucleic acid sequence and to the 
labelled co-target. When both the target and the co-target are bound, the 

25 ribozyme undergoes a conformational change which renders it active and 
able to cleave the label off the co-target, and the free label can then be 
detected. Upon cleavage of the co-target, the ribozyme is able to re- 
associate with an additional co-target, cleaving more label and producing 
more detectable signals. 
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Although the inventors of WO 94/13833 termed their invention 
"amplification of signal" there is actually no amplification in the number 
of ribozymes produced, but rather the reaction is purely an enzymatic 
reaction, wherein the catalytic substance (in this case the ribozyme) cleaves 
5 the substrate (in this case the co-target) and then disassociate and cleave 
another substrate. There is no true amplification of the number of active 
ribozymes involved in the reaction occurs. 

GLOSSARY 

0 Below is a glossary of terms which are used in the following 

description and claims. However, this glossary should not be considered 
separately and for full comprehension of the various terms and the meaning 
in which these terms have in the context of the invention, the glossary 
should be read in conjunction with the remainder of the disclosure herein. 

5 

Ribozyme - a nucleic acid molecule which possesses an enzyme-like 
catalytic acivity. The term "ribozyme" as used in the art generally refers 
to RNA molecules having a catalytic activity although in the context of the 
present invention this term is used to denote a catalytically active (enzyme- 

10 like) oligonucleotide in general. The ribozyme of the invention may thus 
be an RNA molecule, may be an oligonucleotide comprising dNTPs or 
composed completely of dNTPs and may also comprise a variety of non- 
naturally occurring nucleotides such as IsoG or IsoC 5'-0-(l-thio- 
triphosphate) nucleosites and 5-0-methyl nucleotides. The ribozyme which 

15 may be used in accordance with the present invention may be comprised 
exclusively of nucleic acids as described above or may require a co-factor 
for their catalytic activity. The ribozymes may have a catalytic activity of 
cleavage, ligation, splicing or splicing-out (removal) of oligonucleotide 
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sequence, addition of groups to oligonucleotides, rearrangement of nucleic 
acid sequences, etc. 

Assayed biomolecule - a molecule the presence of which in the test sample 
5 is to be detected. It can be an oligonucleotide or a member of a recognition 
pair such as receptor/ligand, antibody/antigen, lectin/glycoprotein, etc. 

Initiation ribozyme - The ribozyme which initiates the reaction where 
more ribozymes arc produced, eventually leading to the generation of a 

10 detectable label. Where the method of the invention is used to detect 
biomolecules, the initiation ribozyme is part of the detection system (see 
below), and serves as a reporter for the presence of the assayed biomolecule, 
since only in the presence of said assayed biomolecules it is either generated 
or it becomes catalytically active. The presence of an active initiation 

15 ribozyme activates the catalytic system (sec below). 

Detection system - the combination of molecules and reagents that enable 
the production or activation of a catalytically active initiation ribozyme, 
which serves as a reporter for the presence of the assayed biomolecules in 
20 the test sample. In other words, in the presence of the assayed 
biomolecules, following a reaction or a cascade of reactions, a catalytically 
active initiation ribozyme is eventually generated. The presence of the 
initiation ribozyme is verified in the catalytic system (see below) where it 
brings to the generation of more active ribozymes in an amplificatory 
25 manner (the ribozymes themselves or a product of their catalytic activity, 
e.g. a free label is then detected at the final stage of the assay). 

Inactive ribozyme - a potentially catalytically active ribozyme which 
cannot exert its catalytic activity (cleavage, splicing, ligation, etc.) until it 
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has been modified, or until the conditions in the medium have not been 
amended to such in which it becomes active. 

Activation - rendering an inactive ribozyme catalytically active by some 
kind of catalytic action (cleavage, splicing, ligation, addition of groups, 
rearrangement), or by change of external conditions (such as addition of 
magnesium ions). 

Inhibitory moiety - a moiety which may at times be present in the second 
complex molecule (see below) and which when present renders the 
initiation ribozyme inactive. The inhibitory effect of the inhibitory moiety 
can be terminated by its modification or removal from the complex 
molecule. 



15 Complex molecule - a molecule which forms part of the detection system 
in accordance with an embodiment of the invention referred to herein as the 
"activation embodiment". In one mode of carrying out the activation 
embodiment, a "first complex molecule" is being used, which comprises an 
initiation ribozyme which is a priori, catalytically inactive (for example, due 

20 to lack of magnesium ions in the medium) linked to a sequence capable of 
being cleaved by an active initiation ribozyme and comprising in addition 
a recognition biomolecule (see below). In another mode of carrying out 
the activation embodiment, a "second complex molecule" is being used, 
which comprises an initiation ribozyme which is a priori, catalytically 

25 inactive and is linked to a sequence capable of being cleaved by an active 
initiation ribozyme and comprising in addition a recognition biomolecule 
(see below). The second complex molecule further comprises an inhibitory 
moiety. 
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Recognition biomolecule - a molecule capable of specifically recognizing 
and binding to the assayed biomolecule. Where the assayed biomolecule is 
an oligonucleotide sequence, the recognition biomolecule is the complemen- 
tary sequence. Where the assayed biomolecule is a member of a recognition 
5 pair (such as antigen-antibody) the recognition biomolecule is the other 
member of the pair. 

First oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3'-o': a double-stranded functional promotor, a 

10 single-stranded sequence that codes for a sequence complementary to the 
sequence of the initiation ribozymes, a single-stranded sequence identical 
(with the necessary U-T replacements) with an RNA sequence capable of 
being cleaved by a catalytically active initiation ribozyme, and a single- 
stranded sequence complementary to the 5'-part of the oligonucleotide 

15 sequence to be detected. 

Second oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3'-o': a single-stranded 3'- part complementary 
to the oligonucleotide sequence to be detected, and a triggering oligonu- 
20 cleotide template (see below). 

Triggering oligonucleotide template - an oligonucleotide sequence which 
is part of the second oligonucleotide, the transcription product of which is 
capable of hybridizing with the back promotor construct (see below). 

25 

Triggering oligonucleotide sequence - the transcriptional product of the 
triggering oligonucleotide template, capable of hybridizing with the back 
promotor construct (see below) and after the back promotor has been 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 




PCT/US96/02380 



- 8 - 



completed,-can bring to transcription of an oligonucleotide sequence to 
which it is attached. 

Non-template strand oligonucleotide - the transcription product of the 
5 oligonucleotide hybrid obtained by hybridization of the assayed nucleic acid 
sequence, the first oligonucleotide and the second oligonucleotide, and which 
comprises from 3' -5': a triggering oligonucleotide sequence, a sequence 
complementary to the assayed biomolecule, a sequence complementary to a 
sequence which can be cleaved by the initiation ribozyme, and a sequence 
10 complementary to the initiation ribozyme. 

Back promotor construct - a single-stranded promotor sequence attached 
to a single-stranded sequence capable of hybridizing with the triggering 
oligonucleotide sequence. After hybridization with the triggering oligonu- 
15 cleotide sequence, and upon action of a suitable DNA polymerase, a 
functional double-stranded promotor is created, which in the presence of a 
transcription system (sec below) is capable of producing the final 
oligonucleotide transcript (sec below). 

20 Final oligonucleotide transcript - the transcriptional product of the 
oligonucleotide hybrids obtained following hybridization of the back 
promotor construct, non-template strand oligonucleotide (after the promotor 
has been completed by a suitable DNA polymerase to a double-stranded 
functional promoter), and comprises from 5 '-3': an initiation ribozyme 

25 sequence, a sequence capable of being cleaved by said initiation ribozyme, 
a sequence that codes for the complement of the detected sequence on the 
assayed biomolecule, and a sequence that codes for the complement of the 
triggering oligonucleotide template. The initiation ribozyme in said final 
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oligonucleotide transcript can cleave its adjacent sequence thus freeing itself 
and yielding a free, fully active initiation ribozyme* 

Third oligonucleotide sequence - a nucleic acid sequence complementary 
5 to the 5'-part of the sequence to be detected in the assayed biomolccule. 

Third composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention, and which comprises the third oligonucleotide 
sequence linked to part of the initiation ribozyme. It optionally also 
10 comprises a sequence cleavable by an active initiation ribozyme. 

Fourth oligonucleotide sequence - an oligonucleotide sequence comple- 
mentary to the 3 '-part of the sequence to be detected in the assayed 
biomolecule. 

15 

Fourth composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention which comprises the fourth oligonucleotide sequence 
linked to part of the initiation ribozyme required to complete the part present 
in the third composite to obtain a complete catalytically active ribozyme, 
20 It optionally also comprises a sequence cleavable by an active initiation 
ribozyme. 

Catalytic system - An ensemble of molecules and reaction mixtures which 
in the presence of a catalytically active initiation ribozyme produces a 
25 detectable signal. This ensemble of molecules comprises a combination of 
composite molecules comprising a ribozyme which is a priori inactive. By 
one embodiment, the catalytic system comprises reagents and a combination 
of a first composite molecule and a second composite molecule (see below), 
comprising a first and second ribozyme (inactive), respectively. The first 
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and second ribozymes arc a priori inactive and either or both can be 
activated by a catalytically active initiation ribozyme. Active first ribozyme 
may activate inactive second ribozyme molecules, and active second 
ribozymes may activate inactive first ribozyme to cause amplification of the 
5 number of active ribozymes in a positive feedback manner. Alternatively, 
the first and second ribozymes may be immobilized or spatially separated 
from each other and cleavage of one or both by the initiation ribozyme 
causes their release to the medium. Released, free ribozymes can free 
immobilized second ribozymes (for example by cleavage) and free second 

10 ribozymes can in turn release and free first ribozyme, thus giving rise to self 
amplifying reaction cascade which rapidly yields an amplification in the 
number of active ribozymes in a positive feedback manner. 

The catalytic system may also comprise in accordance with 
another emboidment, only one species of composite molecules which are 

15 immobilized or spatially separated from each other in the reaction vessel or 
which are a priori inactive. An initiation ribozyme activates the inactive 
ribozyme or releases the ribozyme from the composite molecule and active 
or released ribozymes then act to respectively activate inactive or free 
immobilized other ribozymes, then giving rise to a self amplifying reaction 

20 cascade which rapidly yields an amplfication in the number of active 
ribozymes in a positive feedback manner. 

As a result of ribozyme activation or release, a detectable signal 
is produced which signal is indicative to the presence of the initiation 
ribozyme in the medium. 

25 

First composite molecule - comprises a first ribozyme (see below), 
optionally labelled, linked to second nucleic acid sequence (see below). 
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Second composite molecule - comprises a second ribozyme (see below), 
optionally labelled, linked to a first nucleic acid sequence (see below). 

First nucleic acid sequence - an oligonucleotide sequence which is part of 
5 the second composite molecule and which is a target for the catalytic 
activity of the first ribozyme (see below). Following the catalytic activity 
of the first ribozyme on the first nucleic acid sequence, the second ribozyme 
(see below) is either released into the medium or becomes catalytically 
active. 

Second nucleic acid sequence - an oligonucleotide sequence which is part 
of the first composite molecule and which is a target for the catalytic 
activity of the second ribozyme (sec below). Following the catalytic activity 
of the second ribozyme on the second nucleic acid sequence, the first 
15 ribozyme (see below) is cither released into the medium or becomes 
catalytically active. 

First ribozyme - part of the first composite molecule - is capable of 
cleaving the first nucleic acid sequence and is identical in its catalytic 
20 activity to the initiation ribozyme. It is optionally labelled. 



Second ribozyme - part of the second composite molecule - is capable of 
cleaving the second nucleic acid sequence and is optionally labelled. 

25 Third ribozyme - a ribozyme which may form part of the catalytic system 
in accordance with another embodiment thereof. The third ribozymes are 
initially inactive. Initiation ribozyme acts to activate the third ribozyme by 
exerting its catalytic activity thereon (in a manner to be explained below) 
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and the activated ribozymes can then act, to activate other third ribozymes 
in the catalytic system. 



Transcription system - ensemble of oligonucleotide, nucleotides, RNA 
5 polymerase and reagents which, in the presence of an oligonucleotide 
template bring to the transcription of an oligonucleotide transcript. 

Fourth ribozyme - a ribozyme which is part of the catalytic system in 
accordance with an embodiment thereof, and which once catalytically active 
10 can ligate two parts of the fifth ribozyme (see below) to produce a 
catalytically active fifth ribozyme. The fourth ribozyme is composed of at 
least two components, which are initially separated, and which are ligated 
together by the fifth ribozyme (when catalytically active). Following such 
ligation, the fourth ribozyme becomes catalytically active. 

15 

Fifth ribozyme - a ribozyme which is part of the catalytic system 
comprising the fourth ribozyme and which once catalytically active can 
ligate together two parts of the fourth ribozyme to produce a catalytically 
active fourth ribozyme. The fifth ribozyme is composed of at least two 
20 components, which are initially separated and which are ligated together by 
the fourth ribozyme. Following such ligation, the fifth ribozyme becomes 
catalytically active. 

Sixth ribozyme - a specific example of the third ribozyme wherein the 
25 inactive ribozyme carries an extra nucleic acid sequence, and is activated 
upon cleavage or splicing-out (i.e. removal) of this sequence. 
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Seventh ribozyme - a ribozyme wherein the assayed nucleic acid sequence 
completes a missing portion essential for its catalytic activity, and thus once 
combined with the assayed sequence it becomes catalytically active. 

5 SUMMARY OF THE INVENTION 

The present invention provides a ribozyme-based signal- 
amplification method which is relatively simple to perform, is rapid and 
inexpensive. Unlike hitherto available detection-amplification methods, the 
method of the invention is also suitable for a point-of-care (POC) testing. 
10 One advantage of the method of the invention is in that ribozymes 

are active under conditions found in the clinical environment, e.g. in 
bioligical fluids. Furthermore, as will be shown further below, the signal- 
amplification method in accordance with the invention does not require the 
observance of specific conditions in order to ensure specificity (strict 
15 observance of conditions is a must in prior art signal-amplification 
methods). Additionally, ribozymes are functional in various sample 
preparation cocktails, e.g. 1 M Guanadine thiocyanate as well as in a 
saturated phenol preparation, which usually inhibits function of other 
detection-amplification systems. 
20 Ribozymes are composed of nucleic acid sequences and thus assay 

and probe sequences can be included in the ribozyme molecule. Further- 
more, it is possible to increase the specificity of the amplification process 
by engineering the ribozyme such that part of the assayed sequence itself is 
required for the ribozyme to exert its catalytic activity. 
25 A very powerful technique, termed in the art as "in vitro 

evolution" has been successfully applied to ribozymes to produce a 
ribozyme with various catalytic activities and specificities. By such 
techniques, a vast array of potential ribozymes are screened for activity. 
Those ribozymes that show activity are purified for further rounds of 
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selection and after repeated rounds only the most potent candidates remain. 
In traditional amplification techniques, following a choice of the enzyme, the 
environment where the enzyme is to operate, i.e. the sample-comprising 
medium, has to be modified to allow proper activity of the enzyme. In the 
5 case of ribozymes, using in vitro evolution, it is possible to select a 
ribozyme which is highly active in a desired clinical (biological) medium, 
by performing the in vitro evolution in a selection medium which is 
identical in its composition to the clinical sample. 

The present invention provides a sensitive method for the 

10 detection of a cataytically active ribozyme (referred to herein as "initiation 
ribozyme") in a medium. Detection of the presence of a catalytically active 
initiation ribozyme may be a goal by itself, although usually the catalytically 
active initiation ribozyme serves as reporter for the presence of other 
biomolecules in the test sample. Once a medium comprising an active 

15 initiation ribozyme is introduced into a catalytic system in accordance with 
the invention, there results a catalytic reaction cascade which gives rise to 
an exponential amplification in the number of active ribozymes. The 
catalytic system comprises ribozymes which are either inactive or spatially 
separated from one another such that they cannot exert their catalytic 

20 activity; the initiation ribozyme frees or activates ribozymes of the catalytic 
system which in turn free or activate respectively, further ribozymes of the 
system. The ribozymes either carry a detectable label or the catalytic 
activity causes generation of a detectable label, which then serves as an 
indication of the catalytic cascade which occurred in the system. 

25 According to embodiments of the present invnetion in which the 

ribozymes are initially immobilized, the presence of free ribozymes in the 
reaction medium may serve as a detectable signal by itself. In accordance 
with another embodiment, each active ribozyme is made to carry or produce 
a detectable label and these then serve as the detectable signal. 
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According to the method of the invention there is very little false 
positive signal, i.e. low noise level; furthermore the method of the invention 
enables the detection of several biomolecules in a single assay system. 

The present invention thus provides a method for detecting the 
5 presence of a catalytically active initiation ribozyme in a medium, compris- 
ing the steps of: 

(a) providing a catalytic system comprising 

(aa) ribozymcs which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
10 activity on their target; the target of the ribozymes being other 

ribozymes of the catalytic system, their catalytic activity on such 
other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow them 
15 to reach their targets; 

at least some of the ribozymes of the catalytic system being a target of f ~ 
the catalytic activity of the initiation ribozyme, the catalytic activity of the 
initiation ribozyme on said some of the ribozymes being that of (i) or (ii) " 
above; and comprising 
20 (ab) a detectable label having detectable properties such that the 

catalytic activity of the ribozymes causes a change in the 
detectable properties; 



(b) contacting the medium with said catalytic system; 
25 (c) providing conditions permitting said catalytically active initiation 

ribozyme and catalytically active ribozymes of the catalytic system to exert 
their catalytic 'activity, whereby the presence of a catalytically active 
initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system arc activated or freed into the medium; and 
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(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium. 

The prime utility of the ribozyme detection method of the 
5 invention, is within the framework of an assay designed to detect the 
presence of a biomolecule such as: a specific nucleic acid sequence, a 
member of a binding couple such as antibody-antigen, sugar-lectin, etc., in 
a biological sample. Such an assay may conceptually be thought of as 
comprising two distinct components (although these components may be 

10 included physically together in a single reaction vessel): a detection system 
and a catalytic system. In such an assay, the presence of the assayed 
biomolecule brings to the production, in a manner to be described further 
below, of a catalytically active initiation ribozyme in the medium. The 
catalytically active initiation ribozyme then acts as a reporter molecule in the 

15 catalytic system, giving rise, following a reaction cascade which amplifies 
the number of active ribozymcs, to the appearance of a detectable label in 
the reaction medium as generally described above. The appearance of such 
a detectable label in the medium of the catalytic system thus indicates the 
presence of the assayed biomolecule in the original assayed biological 

20 sample. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, novel use is made of ribozymes. 
In the most generalized sense, a catalytic system comprising ribozymes is 
25 used for the detection of the presence of a catalytically active initiation 
ribozyme in an assayed medium. Detection of the presence of a catalytically 
active initiation ribozyme in an assayed medium may be a goal by itself, for 
example, in the process of preparation of ribozymes by in vitro evolution. 
In addition, in accordance with a preferred embodiment of the invention, the 
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catalytically active initiation ribozyme serves as a reporter for the presence 
of an assayed biomolecule (other than the initiation ribozyme) in an assayed 
biological sample. 

The ribozymes used in accordance with the invention may be 
5 comprised entirely of RNA. At time it is possible also to replace some of 
the ribonucleotides ("rNTPs") in the RNA with deoxy nucleotides 
("dNTPs") or some other naturally or non-naturally occurring nucleotides 
such as IsoG or IsoC 5'-0-(l-thiotriphosphate) nucleotsites and 
5-0-methyl nucleotides. Such replacement is at times desired, for example, 

10 to increase stability of the ribozyme to RNAase which are present in almost 
all biological samples. While this will not specifically be mentioned at each 
time, it is understood that the term "ribozyme" means to denote catalytic 
nucleotides composed entirely of rNTPs or catalytic oligonucleotides 
wherein some of the rNTPs have been replaced by dNTPs or other 

15 nucleotides. The ribozyme may also be entirely composed of DNA (Breaker 
et aL, Chemistiy and Biology, I(4):223-9, 1994). 

The ribozymes of the invention may comprise of nucleic acid 
sequences as described above complexed with a non-nucleic acid molecule 
such as a protein, polypeptide, fatty-acid, dye, antibiotic, or a carbohydrate. 

20 The non-nucleic acid moiety complexed with the ribozyme may serve as a 
co-factor for the ribozyme's catalytic activity. 

In the following, use of the term "oligonucleotide" will be made. 
The oligonucleotides may, depending on the context, be a DNA oligo- 
nucleotide (consisting entirely of dNTPs) or a RNA oligonucleotide 

25 (consisting entirely of rNTPs). However, specifically in the case of RNA 
oligonucleotides, it is at times desired to replace some or all of the rNTPs 
with dNTPs or other naturally and non-naturally occurring nucleotides. 

The present invention provides, in its broadest sense, a method for 
the detection of the presence in a tested medium of a catalytically active 
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initiation ribozyme. By "catalytically active", it is meant that a ribozyme 
is capable of carrying out a catalytic reaction such as cleavage, splicing, 
ligation, addition of specific groups such as phosphate to molecules, 
rearrangement of nucleic acid sequences and the like. 
5 The catalytic system in accordance with one embodiment for 

carrying out the invention comprises two species of ribozymes which are a 
priori inactive, but become catalytically active as a result of the exertion of 
a catalytic activity thereon. For example, each ribozyme may have a nick 
or break in a portion essential for its activity and prior ligation of this nick 

10 or break is thus required for its activation. The catalytic system in this case 
comprises two species of ribozymes, each species a priori broken into two 
components and thus initially inactive. An active ribozyme of one species 
is capable of ligating the two components of the second species of ribozyme 
thus rendering it active, and an active ribozyme of the second species of 

15 ribozyme is capable of ligating the two components of the first species of 
ribozymes, thereby rendering it active. Then the activation proceeds by 
cross-ligation in a positive feedback amplificatory manner. 

The first active ribozyme of one species may be produced by the 
initiation ribozyme which is a product of the detection system, in one of two 

20 routes. According to one route, some of the ribozymes of the first species 
are a priori fully assembled but cannot ligate the parts of the second species 
of ribozyme, since they are spatially separated therefrom, for example, as a 
result of being immobilized by means of a porous membrane, etc. The 
initiation ribozyme cleaves the molecules of the immobilized fully assembled 

25 first species of ribozyme, and the free first species of ribozyme then ligates 
the second species of ribozymes which can in turn ligate members of the 
first species of the ribozyme which are not, a priori, assembled and so on. 

According to the second route, the initiation ribozyme is itself a 
ligating ribozyme which ligates from its parts, at least one species of the two 
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ribozyme of the catalytic system, thus initiating the cross-ligation cascade. 
In such a case there is no need to spatially separate various members of the 
catalytic system since until the initiation ribozyme is introduced to the 
reaction mixture no catalytic process can begin. 
5 Another example are ribozymes which have a redundant sequence 

which renders the ribozyme inactive and it thus needs to be either cleaved 
or spliced-out for the ribozyme's activation. Further example are ribozymes 
which require sequence rearrangement or addition of specific groups for 
activation. Yet another example arc ribozymes which require reverse exon 
10 splicing, i.e. addition of a sequence internal to the ribozyme. 

One species of ribozymes when in the active form, may activate 
inactive ribozymes of the second species and vice versa, as it possesses the 
catalytic properties (ligation, cleavage, splicing, rearrangement, etc.) required 
to modify the other species of ribozyme from an inactive to an active form. 
15 The two ribozymes may potentially possess the same type of catalytic 
activity (e.g. both are ligating rizoymes or both cleaving ribozymes, etc.)* or 
may possess different types of catalytic activities. 

One or both species of the a priori inactive ribozymes is activated 
by a catalytically active initiation ribozyme. Prior to introduction of the 
20 initiation ribozyme to the medium, the catalytic system is essentially silent 
as no catalytic activity takes place. In the presence of such an initiation 
ribozyme, a ribozyme amplification cascade begins since each active 
ribozyme generates in turn more active ribozymes in a positive feedback 
manner. Active ribozymes give rise to a signal which can be detected in a 
25 manner as described hereinbelow and such a signal is indicative to the 
presence of the original catalytically active initiation ribozyme in the 
medium. 

The catalytic system in accordance with another embodiment for 
carrying out the invention comprises two species of composite molecules, 
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each comprising a ribozyme linked to a cleavable nucleic acid sequence. 
The ribozyme in one species of composite molecules is capable of cleaving 
the nucleic acid sequence in the other species of composite molecules so that 
cross-cleavage between the two species of composite molecules is, in 
5 principle, possible, while self-cleavage is avoided. However, prior to 
introduction of the initiation ribozyme to the medium, cross-cleavage does 
not result since the two species of composite molecules are constructed so 
as to prevent mutual interaction between them, while cleaved ribozymes are 
able to interact with other composite molecules in the test vessel and further 

10 release ribozymes to the medium in a positive feedback manner. 

Prevention of mutual interaction can be done, for example, by 
immobilizing each species of composite molecules to opposite sides of the 
test vessels; by linking each species of the composite molecule to different 
beads or different colloid particles having properties, e.g. size or other 

15 properties, e.g. the same electric charge (which repels the beads from one 
another) which prevents any kind of interaction between molecules attached 
to one with molecules attached to another; by linking the composite 
molecules to moieties having the same electric charge, so that the electrical 
rejection between said moieties will prevent any interaction between the two 

20 composite molecules; by placing each species of composite molecules at 
opposite sides of a porous membrane which does not allow permeation 
therethrough of the full composite molecule, but allows free passage of 
cleaved ribozyme. 

A catalytically active initiation ribozyme, either present in the test 

25 medium a priori, or produced as a result of the presence of another 
biomolecule in a biological sample (such a ribozyme being in this case) ("a 
reporter ribozyme") is able to cleave a specific nucleic acid present in one 
or both species of composite molecules thus freeing the ribozymes of the 
catalytic system. The cleaved ribozymes are able to interact freely in the 
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reaction vessel with the ribozymes from the other species of composite 
molecules, which in turn, can again cleave the ribozymes from the first 
species of composite molecules, thus creating a "ping -pong" cross-cleavage 
of ribozymes. Such cross-cleavage of ribozymes acts in a positive feedback 
5 manner, causing substantial amplification of the reaction. Either or both 
species of ribozymes typically bears detectable labels. The detection of 
cleaved labels, indicates the presence of the catalytically active initiation 
ribozyme in the reaction mixture. Where the initiation ribozyme is a 
reporter ribozyme, detection of a free label indicates the presence of an 
10 assayed biomolecule in the reaction mixture. 

The catalytic system may comprise, in accordance with other 
embodiment, only one species of inactive ribozymes or one species of 
composite molecules comprising a ribozyme and a nucleic acid sequence 
cleaved by the ribozyme when converted into a free or active form. In an 
15 analogous manner to that described above for the said one embodiment, each 
single molecule of the ribozyme is inactive until the catalytically active 
initiation ribozyme is introduced to the medium: for example, each inactive 
molecule is in the form of a closed-circle which may be opened by cleavage 
or splicing-out of a stretch of nucleotides, by a catalytically active initiation 
20 ribozyme. Activated (open) ribozymes then open and activate other such 
closed-circle molecules of the catalytic system. 

In an analogous manner to that described above for the said 
another above second embodiment, each single species of the composite 
molecule may comprise a ribozyme positioned in an orientation which 
25 prevents self-cleavage of the adjacent cleavable nucleic acid sequence, for 
example, by placing the sequence immediately adjacent to the ribozyme. 
The fact that there are no intervening sequences between the ribozyme and 
the cleavable sequence stcarically inhibits the cis cleavage. (The cleavable 
sequence may also have an inversed orientation, and cis cleavage will thus 
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not be possible). However, released ribozymc may approach the nucleic 
acid sequence in a correct orientation, and cleave it, thereby releasing more 
ribozymes to the medium. In order to prevent spontaneous trans cleavage 
of non-released ribozymes, it is possible to ensure spatial separation 
5 similarly as indicated above. 

Detection of the presence of activated ribozymes in the catalytic 
system may take various forms depending on the type of catalytic activity 
of the ribozyme. Where, for example, the activity is cleavage or spliced out, 
a label may be linked to the part to be cleaved or spliced out and detection 

10 of such freed label is then an indication of the presence of the catalytically 
active initiation ribozymc in the medium. 

In some cases the activation of the ribozyme brings to a change 
in the distance between two regions of the ribozyme, such as where two 
distant regions are brought together by ligation or rearrangement, by splicing 

15 out of an interfering region, or wherein two initially adjacent regions are 
separated for example by opening of a closed circle. In such case it is 
possible to attach a fluorescent marker on one region of the ribozyme and 
a moiety, such as Rodamine which quenches the light emission from the 
fluroescent marker on the other region of the ribozyme. Rodamine has a 

20 quenching effect on the light emission of a fluorescent label when the two 
are adjacent and no such effect when the two are separated. By monitoring 
the change in light emission of the fluorescent label, it is possible to 
determine whether the two regions are adjacent (for example in the case of 
a closed-circle inactive ribozyme) or separated (when the ribozyme has been 

25 opened and activated). 

The label may also be carried on a substrate which is not 
associated with the ribozyme and on which the catalytically active ribozyme 
may exert its catalytic activity. For example, the label may be carried on 
a nucleic acid sequence, which is cleaved or spliced-out as a result of a 
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ribozyme's activity, whereby the label is released to the medium. The 
detection will in such a case be based on the presence of a free label in the 
medium. 

The "ping-pong" cross activation, whether by cross-cleavage, 
5 cross-ligation, cross-splicing, cross rearrangement or alternating cycles of 
various catalytic actions, substantially amplifies the reaction resulting in a 
signal that indicating in a short time whether the initiation catalytically 
active ribozyme was present in the medium. While prior art amplification- 
detection methods such as PGR or LCR require several hours to be 
10 complete, the amplification-detection method of the invention is completed 
in a much shorter time period. 

Where the catalytically active initiation ribozyme serves as a 
reporter ribozyme for the presence of other biomolccules, a detection system 
is required in which a catalytically active initiation ribozyme is generated 
15 only in the presence of the assayed biomolecule. This may be performed in 
one of the following embodiments, referred to herein as the "activation 
embodiment ", the "transcription embodiment", the "asembly embodi- 
ment" y and the "completion embodiment". < v 
According to the activation embodiment, the initiation (reporter) 
20 ribozyme is a priori inactive. This inactivity may be a result of the absence 
of magnesium ions, which are required for the ribzoyme's catalytic activity, 
from the medium; it may be a result of the presence of an inhibitory moiety 
in the medium; it may be a result of the presence in the medium of an 
oligonucleotide which hybridizes to sequence which is to be cleaved to 
25 either activate or free the ribozyme into the system, which cleavage is not 
possible as long as the sequence is double-stranded; etc. According to this 
embodiment, the ribozyme is linked to a recognition biomolecule which is 
capable of specifically recognizing and binding to the biomolecule which is 
to be assayed in the sample. For example, where the assayed biomoleucle 
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is an oligonucleotide sequence, the recognition biomolecule is the comple- 
mentary sequence; where the assayed biomolecule is an enzyme, the 
recognition biomolecule may be a substrate; where the assayed biomolecule 
is an antigen, the recognition biomolecule may be an antibody which 
5 specifically interacts with the antigen; etc. 

The ribozyme linked to the recognition molecule is then allowed 
to interact with the assayed biomolecules, and unbound ribozymes are then 
separated and washed away. Such separation can be carried out, on the 
basis of size difference between the complex of bound ribozymes and 

10 assayed biomolecules and that of free ribozymes; by, a priori, immobilizing 
the assayed biomolecules and then washing away free molecules of 
ribozymes; etc. After said separation, conditions are changed so as to 
activate the ribozyme, for example, by addition of lacking magnesium ions; 
by modifying or removing the inhibitory moiety to stop its inhibitory 

15 activity; by melting the double-stranded non-cleavable sequence to a single 
stranded cleavable sequence; etc. Only if the assayed biomolecule is 
present, ribozymes which are bound thereto are retained, and only these 
retained ribozymes are activated by an appropriate change of conditions. 

The transcription embodiment of the invention can be utilized 

20 where the assayed biomolecule is a nucleic acid sequence. The detection 
phase of this embodiment can be carried out generally as described in Israel 
Patent Applications Nos. 105894 and 111857 (and their counterpart PCT 

Applications Nos. WO 94/29481 and ) with the "triggering 

oligonucleitide" being said initiation ribozyme. The detection system of 

25 this embodiment comprises two oligonucleotide molecules, the first 
comprising a sequence complementary to the 5'- part of the assayed nucleic 
acid sequence and the second comprising a sequence complementary to the 
3'- part of the assayed nucleic acid sequence. The first oligonucleotide 
molecule comprises upstream from the sequence complementary to the 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 




PCT/US96/02380 



- 25 - 



assayed biomolecule, a functional promoter, a sequence that codes for an 
initiation ribozyme sequence and a sequence that is capable of being cleaved 
by said detecting ribozyme (also essentially a DNA sequence). The second 
oligonucleotide molecule comprises, downstream from the complementary 
5 3'- part of the assayed sequence, a triggering oligonucleotide template, the 
transcriptional product of which is capable of triggering transcription of 
sequences of initiation ribozymes as will be explained in detail hereinafter. 

If the assayed biomolecule is not present in the test sample, then 
the triggering oligonucleotide sequence is not transcribed, since only 
10 presence of the assayed biomolecule brings together the two molecules 
required to produce the appropriate template of said triggering oligonucleo- 
tide sequence: namely the first oligonucleotide molecule carrying the 
functional promotor and the second oligonucleotide molecule carrying the 
triggering oligonucleotide template. If the assayed biomolecules are present, 
15 and in the presence of transcription system, the triggering sequence is 
produced and in turn is able to bring about production of transcripts 
containing initiation ribozyme linked to a sequence capable of being cleaved 
thereby. After self-clcavagc, these transcripts release to the medium 
catalytically active initiation ribozyme. 
20 According to the assembly embodiment of the invention, also 

appropriate in cases where the assayed biomolecule is a nucleic acid 
sequence, the detection system comprises a third oligonucleotide, comprising 
a sequence complementary to the 5'- portion of the assayed nucleic acid 
sequence, and a fourther oligonucleotide comprising a sequence complemen- 
25 tary to the remaining, 3'- portion of the assayed nucleic acid sequence. 
Each of these oligonucleotides comprises also one portion (for example, 
half) of a ribozyme and both parts together constitute a full, functionally 
active ribozyme. In accordance with this embodiment, the function of the 
assayed nucleic acid sequence is to bring these two oligonucleotides 
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together, thus yielding a functionally active initiation ribozyme. Thus, in the 
presence of an assayed nucleic acid sequence in the sample, the functional 
initiation ribozyme will be generated which could then be detected in the 
catalytic system of the invention. 
5 In accordance with the completion embodiment of the invention, 

the detection system comprises a seventh oligonucleotide and the assayed 
sequence, complexes with the seventh oligonucleotide to yield a catalytically 
active initiation ribozyme. For example, the assayed sequence may form 
part of the catalytic core of the ribozyme. Thus, in accordance with this 

10 embodiment, the ribozyme is a priori incomplete, and only in the presence 
of the assayed sequence it becomes a complete, catalytically active ribozyme 
which may then be detected in the catalytic system. 

The assayed sequence may complete the ribozyme by hybridizing 
at its 3'-end to a sequence on one side of the ribozymc's missing portion, 

15 and by hybridizing at its 5'-end to a sequence on the other side of the 
ribozyme's missing portion, thus bridging the missing portion and creating 
a functional initiation ribozyme. 

The assayed sequence may also be able to complete the 
ribozyme's missing portion by "reverse exon splicing", wherein the assayed 

20 sequence is inserted into the ribozyme through suitable cleavage and ligation 
reactions. Said "reverse exon splicing" may be carried out by other 
ribozymes present in the medium. 

In order to decrease the "noise" level of the method of the 
invention and decrease false positive results, it is possible to combine two 

25 or more embodiments of the invention to doubly ensure that no catalytically 
active initiation ribozymes are produced in the absence of assayed 
biomolecules. For example, it is possible to combine the assembly and 
activation embodiments of the invention, whereby catalytically active 
ribozymes will be generated only as a result of two accumulative conditions: 
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assembly of a full ribozyme from its two parts in a magnesium-less mixture, 
and after washing away free incomplete ribozymes, activating of the full 
ribozyme by addition of magnesium ions. 

The ribozymes used in most embodiments of the detection system 
5 of the invention are in most cases universal, i.e. the same ribozyme can be 
used to detect different assayed biomolecules since the specificity is acquired 
by the attached recognition biomolecule (in the activation embodiment), or 
by the first and second oligonucleotide molecules (in the transcription 
embodiment) or by third and fourth oligonucleotide sequences (in the 
10 assembly embodiment). The fifth oligonucleotide in the case of the 
completion embodiment of the invention has to be tailor made for each 
specific nucleic acid to be assayed, since the sequence recognizing the 
assayed sequence is part of the ribozyme itself. 

The present invention also provides reagents required for carrying 
15 out the above method as well as a kit comprising said reagents. 

In the following the invention will be described with reference to 
some non-limiting drawings and examples: 

In the drawings various symbols are used which in the context of 
the present invention have the following meanings: 

20 

Straight line ( ) - DNA strand 

Wavy line ( ) - RNA strand 

A,B>C, etc- - sequences in the coding strand of a 

DNA 

25 A',B',C\ etc. - sequences in the complementary 

non-coding DNA strand 
a,b,c, etc* - RNA sequences 

a%b'c', etc. - RNA sequences complementary to 

a,b,c 
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immobilization on a solid support 
* detectable label 

inhibitory moiety. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 shows an embodiment of the catalytic system of the invention 
comprising two species of composite molecules activated by cross-cleavage; 

Fig. 2(a) and 2(b) show a catalytic system in accordance with an 
embodiment of the invention comprising one species of composite molecule 
10 activated by cross-cleavage or cross-splicing: wherein the ribozyme is in 
the form of a closed circle (Fig. 2(a)); wherein the ribozyme requires 
splicing for becoming active (Fig. 2(b)); 

Fig. 3 shows various manners in which composite molecules can be 
separated from one another: by immobilization to distinct sites of the 
15 reaction vessel (3A); by linkage to large beads (3B); by linkage to charged 
moieties (3C); and by placing each species of composite molecules at 
opposite sides of a porous membrane; 

Fig. 4 shows an example of the detection system according to the 
activation embodiment of the invention wherein the ribozyme is activated 
20 by addition of magnesium ions; 

Fig. 5 shows another example of the detection system according to 
the activation embodiment of the invention wherein the ribozyme is 
activated by modification of an inhibitory moiety; 

Fig. 6 shows a detection system in accordance with the transcription 
25 embodiment of the invention; 

Fig. 7(a) and 7(b) show a detection system in accordance with the 
assembly embodiment of the invention; where the recognition sequence of 
the ribozyme hybridize to the assayed nucleic acid sequence (Fig. 7(a)); or 
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where the opened stemp-Il of the ribozyme hybridizes with the assayed 
sequence (Fig. (b)); 

Fig. 8 shows an example of the catalytic system of the invention 
comprising two species of ribozymes activated by cross-ligation; 
5 Fig, 9 shows yet another example of the detection system according 

to the activation embodiment of the invention wherein the ribozyme is 
activated by rendering the cleavable sequence single stranded. 

Fig. 10 shows the cleavage results of a detection system comprising 
the stem-II open ribozyme of Fig. 7(b); 
10 Fig. 11 shows the cleavage results of a catalytic system comprising 

the closed-circle composite molecule of Fig. 2(b); and 

Fig. 12 shows the cleavage results of ribozyme in the presence of 
untreated blood and denaturing agents. 

15 DESCRIPTION OF SPECIFIC EMBODIMENTS 
Catalytic system 

Reference is first made to Fig. 1 showing one manner of 
constructing the catalytic system of the invention. The catalytic system 
comprises two species of composite molecules 10 and 11. Composite 

20 molecule 10 comprises one type of labelled ribozyme which will be denoted 
ribozyme A (12) linked to an RNA sequence denoted b (13). Composite 
molecule 11 comprises another type of labelled ribozyme which will be 
denoted ribozyme B (14) and an RNA sequence a (15). Ribozyme B in 
molecule 11 is capable of cleaving sequence b in molecule 10 and 

25 ribozyme A in molecule 10 is capable of cleaving sequence a in mole- 
cule 11. Initially molecules 10 and 11 are not able to interact since each is 
immobilized to a distinct site of the reaction vessel. Initiation ribozyme 16 
is also capable of cleaving sequence b in molecule 10. 
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If initiation ribozyme is present in the reaction mixture then 
sequence b is cleaved releasing free ribozyme A (12) to the reaction 
mixture. Free ribozyme A (12) is able to diffuse within the reaction vessel 
to cleave molecule 11, thus releasing to the reaction mixture free 
5 ribozyme B (14). Free ribozyme B (14) is again able to migrate through the 
reaction vessel to cleave molecule 10 to release again free ribozyme A (12) 
and the cycle is repeated again and again in a positive-feedback manner. 
Since both ribozyme A and B are labelled, detection of either or both in the 
supernatant indicates the presence of initiation ribozyme 16 in the reaction 
10 mixture. 

The following is an example of molecule 10 comprising a 
ribozyme 12 of the type hammerhead linked to sequence 13 which is then 
labelled at 3'-end by biotin: (Capital letters: 2'-0-methylated; small 
letters: RNA) 

15 

5'CCA cugauga gGCC GAAA GGCc gaa acGUguc CGU AAA- 

The following is an example of molecule 11 comprising 
another ribozyme 14 of the type hammerhead which is capable of cleaving 
20 seqeuence 13 present in molecule 10. Ribozyme 14 is linked to sequence 
15 capable of being cleaved by ribozyme 12 of molecule which is then 
labelled at its 3'-end by biotin: (Capital letters: 2'-0-methylated; small 
letters: RNA) 

25 5'-GAG ACG cugauga gGCC GAAA GGCc gaa acAC guc UGG AAA 

Although ribozymes A and B are referred to as different 
ribozymes and sequences a and b are referred to as different sequences, both 
the ribozymes and sequences may be actually identical. In such a case self- 
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cleavage in each molecule 10 or 11 is avoided by linking the ribozyme to 
its attached sequence in such a proximity which does not enable cleavage in 
cis y while free ribozymes are able to cleave composite molecules in trans. 
This can be done by linking the ribozyme immediately adjacent to its 
5 potentially cleavable sequence. This is because the ribozyme should be 
spaced from its potentially cleavable sequence by several nuclctoidcs for 
efficient cleavage to take place. Therefore, when the ribozyme in the 
composite molecule is linked directly with no spacing to the cleavable 
sequence, there is no possibility of cis cleaving and the sequences can be 

10 cleaved only in trans while enabling only cleavage in trans. 

Reference is now made to Fib. 2(a) which shows another 
alternative where only one species of composite molecules is present in the 
reaction vessel. The catalytic system comprises a single species of 
molecules 17', each comprising a ribozyme C (18') and a cleavable 

15 sequence c' (19'). The molecule 17' is in the form of a closed circle and 
thus ribozyme 18 # is initially inactive. 

If catalytically active iniation ribozyme 16" is present in the 
media, it is able to cleave the sequence c' and open the ribozyme to become 
active. Open ribozyme 18' can in turn open, by cleavage, additional 

20 composite molecules 17' turning them active. Detection can be carried out 
by using a fluorescent label (F) and Rodamine (Rd). When the two are 
adjacent as in the closed molecule the light emission of the fluorescent label 
is quenched and when they are separated, as in the open molecule sequence, 
the light emission of the fluorescent label becomes stronger. 

25 Reference is now made to Fig. 2(b) which shows yet another 

alternative for the catalytic system comprising only a single species of 
composite molecule. Ribozyme 17" has in its core region an extra 
nucleotide sequence 18" which renders the ribozyme inactive. At the 
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terminal of the extra sequence is a blocking group 19 which does not allow 
spontaneous ligation of the open end. 

Initiation ribozyme 16 , which has the catalytic activity of 
splicing is capable of both cleaving out extra sequence 18 and blocking 
5 group 19 and then of ligating the free ends to give a functional ribozyme. 
Functional ribozyme is then capable of splicing other ribozymes in the 
reaction medium causing an amplification of the reaction. Detection 
according to one option (Option 1) is carried out essentially as described in 
Fig. 2(a), but in this case, initially the Rodamine (Rd) at the fluorescent 
10 group (F) are separated and only upon activation of the ribozyme they 
become adjacent, so that active ribozyme is detected by quenching of light 
emission. According to the second mode of detection (Option 2) the spliced 
out group comprising free extra sequence 18 and blocking group 19 
carries a detectable label. 
15 The advantages of the mode of Fig. 2(b) resides in a very low 

"noise" level since in order for an inactive ribozyme to become spontane- 
ously active (not in the presence of an initiation ribozyme) two spontaneous 
occurrences must happen spontaneous cleavage (at a probability of 10" 6 /min 
in 10 mM MgCl at physiological pH and at a temperature of 37°C) and 
20 spontaneous ligation (at a probability of 10 Vrnin) giving a very low 
probability for spontaneous activation (10 13 /min). 

The label attached to either or both ribozymes A, B or C 
(Fig. 1) may be any detectable label known in the art such as a radioisotope, 
a fluorescent label, an enzyme which in the presence of a substrate is 
25 capable of producing a color reaction, etc. 

Fig. 3 shows various manners in which the two composite 
molecules 10 and 11 of the first embodiment are positioned so as to avoid 
mutual interaction but allow interaction between free ribozymes 12 and 14 
and composite molecules. It should be understood that the same principles 
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apply also to the other manner for constructing the catalytic system of the 
4 invention, i.e. where only one species of composite molecule is present, 
represented in Fig. 2. 

In Fig. 3(A) molecules 10 and 11 are immobilized onto distinct 
5 and separate sites of the reaction vessel 18 while ribozymes 12 and 14 
diffuse freely in the reaction mixture. 

Fig. 3(B) shows molecules 10 and 11 which are immobilized 
onto beads 19 the size of which prevents interaction between said molecules. 
However, free ribozyme 12 and 14 are able to diffuse freely in the reaction 
10 mixture and interact with the composite immobilized molecules. 

Fig. 3(C) shows another example of separating composite 
molecules wherein composite molecules 10 and 11 are attached to charged 
moieties bearing the same charge 37. The electrical rejection between their 
attached moieties eliminates the possibility of interaction between 
15 molecules 10 and 11. However, free ribozyme 12 and 14 which are 
essentially uncharged are able to interact with the composite molecule. * 
Fig. 3(D) shows yet another example of separating the 
composite molecules 10 and 11 by placing them at opposite ends of a porous" 
membrane 34 which serves as a sieve, blocking passage of large 
20 molecules 10 and II while allowing passage of the smaller free 
ribozymes 12 and 14. 

Another manner for ensuring that the two composite 
molecules 10 and 11 do not interact is by the use of blocker molecules 
which are complementary to a specific sequence rendering it double 
25 stranded. According to this manner, composite molecule 10 comprises a 
blocker molecule which renders the cleavable sequence b and part of the 
catalytic region of ribozyme A double stranded. In the partially double 
stranded composite molecule 10,thc ribozyme is not active due to the fact 
that its catalytic region is double stranded. Composite molecule 11 is 
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blocked in a similar manner. If initiation ribozyme is present in the reaction 
mixture, it displaces a part of the blocker molecule present on the composite 
molecule 10, and then the initiation molecule is able to cleave sequence b. 
Once sequence b is cleaved ribozyme A is also rendered active since the 
5 partially displaced blocker molecule completely falls off composite 
molecule 10 turning its catalytic region to become single stranded and 
active. Active ribozyme A then displaces the blocker molecule of composite 
molecule 11 in a similar manner as described above cleaving the cleavable 
sequence a, turning Ribozyme B single stranded and active. Ribozyme B 

10 then activates composite molecule 10 in a similar manner to the activation 
of the initiation ribozyme described above, and cross activation of the two 
composite molecules can then proceed. 

Reference is now made to Fig. 8 which shows another 
alternative for constructing the catalytic system of the invention. The 

15 catalytic system comprises two species of ribozymes 80 and 81 which are 
active when fully assembled but are inactive when separated to their parts 
80a, 80b and 81a, 81b, respectively. Full ribozyme 80 is capable of ligating 
ribozyme parts 81a and 81b to produce a full and active ribozyme 81. Full 
ribozyme 81 is capable of ligating ribozyme parts 80a and 80b to produce 

20 a full and active ribozyme 80, so that cross-activation proceeds by cross- 
ligation. 

Initiation ribozyme 86 or 86 f is capable of creating a full and 
active ribozyme 80 either by cleaving a full but immobilized ribozyme from 
a location wherein it is spatially separated from ribozyme parts 81a and 81b, 
25 for example, in one of the manners specified in Fig. 3 (Fig. 8 top left) or by 
being able to ligate parts 80a and 80b to form the full and active 
ribozyme 80 (Fig. 8 top right). 
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DETECTION SYSTEM 

Where the method of the invention is to be used to aid in. the 
detection of biomolecules other than ribozymes, the invention includes also 
a detection system capable of producing catalytically active initiation 
5 ribozyme only in the presence of the assayed molecule. 

Fig. 4 shows one example of the activation embodiment of the 
invention. In this example, the assayed biomolcculc is an immobilized 
nucleic acid sequence A (41) for example a DNA sequence. Immobilization 
can be carried out in accordance with any method known in the art, for 

10 example, with the aid of a cross-linking agent or by trapping the assayed 
nucleic acid molecule between two porous membranes which permit passage 
of smaller molecules. Where the assayed biomolecule is a protein it can be 
immobilized onto beads carrying appropriate trapping agents, such as 
suitable immobilized antibodies, directed against regions which are not 

15 required for detection, etc. Alternatively, the assayed biomolecule can be 
immobilized onto a nitrocellulose sheet and another protein, such as 
albumin, should then be applied onto the nitrocellulose sheet in order to 
saturate all the sheets 1 vacant locations and avoid, in the next step, non- 
specific absorption. 

20 The detection system also comprises first complex molecule 42 

comprising ribozyme 43, linked to cleavable sequence c' (44) capable of 
being cleaved by active ribozyme, and further comprises sequence a' (45) 
complementary to the assayed sequence A (41). Ribozyme 43 does not 
self-cleave since molecule 42 is kept in magnesium-less reaction mixture 

25 which eliminates the ribozymes catalytic activity. This can be done, for 
example, by keeping complex molecule 42 in a magnesium-less EDTA- 
containing reaction mixture. 



SMsnoci'v«am ******** 
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An example of ribozyme 43 linked to the cleavage sequence 
c' (44) of the type hammerhead (Capital letter: 2'-0-methylated; small 
letters: RNA; over- and underlined: DNA) 

5 5'- GCAACAGTGGAGGAAAGCC UACguc UGG UACGU CCA cugauga 
gGCC GAAA GGCc gaa acGUAGU AAA 

Molecules 41 and 42 are allowed to hybridize to give 
immobilized hybrid 46. Free molecules 42 are washed away, and to the 

10 immobilized hybrid 46 are added magnesium ions in a concentration 
sufficient to activate ribozymes. In the presence of such a concentration of 
magnesium ion ribozyme 43 is able to cleave sequence c', thus releasing 
itself to the reaction mixture while leaving immobilized cleaved hybrid 47. 
Free and catalytically active ribozyme 43 can serve as the initiation 

15 ribozyme in the catalytic system. 

Fig. 5 shows another example of the activation embodiment of 
the invention. Assayed biomolecule 51, which comprises nucleic acid 
sequence A, for example a DNA sequence is immobilized as described 
above. The detection system comprises a second complex molecule 52 

20 comprising ribozyme 53 linked to sequence c' (54) which can be cleaved 
by catalytically active ribozyme and sequence a' (55) complementary to 
sequence A in the assayed biomolecule. The complex molecule also 
comprises an inhibitory moiety 58 which, while present in its unmodified 
form, inhibits the catalytic activity of ribozyme 53. An example of an 

25 inhibitory molecule is a nucleic acid sequence complementary to part of the 
ribozyme. In the presence of such a sequence, the ribozyme folds to an 
inactive three-dimensional form. 

Molecules 51 and 52 are allowed to hybridize to give 
immobilized hybrid 56, and free molecules 52 are washed away. To 

30 separate hybrid 56 are added modifying substances which are able to interact 
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with the inhibitory moiety 58 and modify it to an un-inhibiting form. For 
example, where the inhibitory moiety is a nucleic acid sequence which 
causes folding of the ribozyme, the modifying substance may be a sequence 
complementary to the inhibitory moiety, which hybridizes and blocks the 
5 inhibitory moiety, thus allowing the ribozyme to refold to its active form. 
Alternatively, the modifying substances may be substances able to remove 
or cleave the inhibitory moiety, thus terminating its inhibitory action. 
Active ribozyme is then able to cleave sequence c , thus releasing itself 
from immobilized cleaved hybrid 57. Catalytically active free ribozyme 53 
10 then serves as the initiation ribozyme in the catalytic system. 

Reference is now made to Fig. 9 which shows another example 
of the activation embodiment of the invention. Molecule 91 comprises the 
sequence of the initiation ribozyme 90, attached to sequence c, cleavable by 
the ribozyme, and to sequence a and b which are capable of hybridizing 
15 with the assayed biomolccule being, for example the assayed DNA sequence 
of molecule 94. Molecule 91 further comprises blocker DNA sequence 92 
which comprises sequence B and C, capable of hybridizing to sequences b 
and c of molecule 91, respectively, to give a double-stranded structure. 
Blocker DNA sequence 92 is linked via linker sequence 93. The 
20 ribozyme 90 is not capable of cleaving sequence c since its sequence region 
is double stranded (through hybridization to blocker sequence 92). 

The assayed molecule 94 is then introduced to the reaction 
mixture. If the assayed biomolccule is complementary to a and b of 
molecule 91, then blocker sequence 92 is displaced by the assayed mole- 
25 cule 94 to give hybrid molecule 95. In hybrid molecule 95, the cleavable 
sequence c is single stranded enabling the ribozyme to cleave it and thus to 
be freed to the reaction mixture as a catalytically active ribozyme 96 which 
serves as the initiation ribozyme in the catalytic system. 
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According to this embodiment conditions such as temperature, 
the length of the part of the recognition biomolecule b which is double 
stranded, etc. must be chosen with care so that the assayed molecule is able 
to displace blocker molecule 92 essentially only if the assayed biomolecule 
5 sequences A and B are perfectly matched to recognition sequences a and b. 

Reference is now made to Fig. 6 which shows the transcription 
embodiment of the detection system of the invention appropriate where the 
biomolecule is a nucleic acid sequence. According to this specific 
embodiment a correct DNA template, which eventually brings to the 

10 transcription of initiation ribozyme, is assembled from its parts only in the 
presence of the assayed nucleic acid sequence. The detection system 
comprises a first oligonucleotide molecule 61, being essentially DNA, 
comprising from 3'— 5'; a double-stranded promotor, a sequence R coding 
for the complementary sequence of the initiation ribozyme, a sequence C 

15 coding for a sequence clcavablc by a catalytically active ribozyme, and a 
sequence D, complementary to the 5 '-part of the assayed nucleic acid 
sequence. The detection system further comprises second oligonucleotide 
molecule 62, being essentially DNA comprising from 3'— 5': a sequence D 2 
complementary to the 3' -part of the assayed nucleic acid sequence and a 

20 triggering oligonucleotide template (TRIG). If assayed nucleic acid se- 
quence 63 is present, and under appropriate hybridization conditions, 
sequence D 4 of molecule 61 and sequence D 2 of molecule 62 hybridize with 
sequences D,' and BV, respectively, of the assayed nucleic acid sequence 
to give hybrid 64. 

25 In the presence of transcription system non-template strand 

oligonucleotide 65 is produced, comprising from 3'-— 5': triggering 
oligonucleotide sequence trig, d,' and d,' sequences, sequences c' r', 
complementary with those of the clcavable nucleic acid sequences and the 
initiation ribozyme, respectively. 
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To the reaction mixture are added molecules of back promotor 
construct 66 comprising a single-stranded DNA promotor linked to a 
sequence capable of hybridizing with the oligonucleotide triggering sequence 
TRIG. Under appropriate conditions the back promotor construct 66 
5 hybridizes with molecule 65 to give hybrid 67. In the presence of a DNA 
polymerase the single-stranded promotor is completed to give a functional 
double-stranded promotor in hybrid 68. 

Hybrid 68 can serve, in the presence of transcription reagents, 
as a template for the production of final oligonucleotide transcript 69 
10 comprising from at its 5 '-end: an initiation ribozyme sequence r and a 
cleavable sequence c capable of being cleaved by said ribozyme. 

The ribozyme r cleaves cleavable sequence c thus releasing 
itself to the surrounding medium in the form of free ribozyme 70. Free 
ribozyme 70 can serve as the catalytically active initiation ribozyme in the 
15 catalytic system. 

One mode of the assembly embodiment of the invention is 
shown in Fig. 7(a). The detection system comprises assayed 
biomolecule 71, comprising a nucleic acid sequence Ai A 2 . In addition, the 
detection system comprises a part of a ribozyme 72, comprising oligonu- 
20 cleotide sequence a' 4 complementary to sequence A t and another part of a 
ribozyme 73 comprising oligonucleotide sequence a 2 ' complementary to 
sequence A 2 . The parts of ribozyme 72 and 73 together constitute a 
complete ribozyme if the two parts are assembled. 

If assayed molecule 71 is present in the medium, it can 
25 hybridize to a x of ribozyme part - 72 and a 2 of ribozyme - part 73 bringing 
the two parts together to form functional ribozymc-assayed sequence hybrid 
76, which may serve as an initiation ribozyme in a catalytic system, for 
example, by cleaving molecule 77, which cleavage may be required to 
initiate the amplification cascade in the catalytic system. 
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Another mode of the assembly mode of the invention is shown 

in Fig. 7(b). 

Ribozyme 79 of the hammer-head type has been constructed 
in which Stem-II has been shortened to have only one complementary 
5 nucleotide (represented by one line in the Fig. 2b) and the remaining portion 
of the stem have been opened to give arms a and b. Ribozyme 79 is 
capable of hybridizing with sequence 70 to form Stems I and III and then 
perform the catalytic activity, for example, cleavage of sequence 70. 
However, a priori ribozyme 79 is incapable of cleaving the cleavable 

10 sequence 70 since its Stem-II is open and inactive. Arms a and b of the 
opened core have been constructed to be complementary to sequences A 
and B of the assayed sequence, for example, DNA sequence 80. 

In the presence of assayed DNA sequence 80, the arms a and b 
of the stem-II ribozyme 79 are hybridized to the assayed sequence to 

15 produce a fully double-stranded Stem-II and thus the ribozyme becomes 
catalytically active and can serve as an initiation ribozyme in a catalytic 
system where, for example, cleavable sequence 70 is part of an enzyme in 
the catalytic system which requires cleavage for its activation. 

20 EXAMPLES 

Example 1: Detection of an assayed nucleic acid sequence using a 
ribozyme with an open stem-II 

Ribozyme HH8 was dissected into two parts at the loop of 
25 stemp-II. Each of the two ribozyme halves of HH8 (HH8-3 and HH8 5) 
has a different additional 17 bases tail sequence complementary to the 
LAMTAR0 DNA target molecule. In the presence of the target, the two 
halves are brought together and form an active ribozyme. In the LAMTAR0 
target the two sequences complementary to the ribozyme halves are 
30 continuous. In the other LAMTAR molecules (LAMTAR1 through 
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LAMTAR4) the two sequences are separated by 1 to 4 non-complementary 
bases respectively. The ribozyme substrate is SB8-24 which contains the 
sequence recognized by HH8. 



5 (a) Method: 

1. Sequences: 

Oligodeoxyribonucleotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturers recom- 
mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
10 for all RNA synthesis [a 32 P) UTP [3000Ci/mmol] was purchased from 
Rotem Industries Ltd., Israel. 
DNA targets: 

LAMTARO: 

5 f GCrCCG AGTCCACC TGCAC GCCGACCAGTGCC GTGTTCGGGA 3' 
15 LAMTARl: 

5'GCTC CGAGTCC ACCTGCACGCrCGACCAG TGCCGTGTT CGGGA 3' 
LAMTAR2: 

S'GCTC CGAGTCCACC TGC ACGC IT CGACCAGTGCCGTGTTC GGGA 3' 
LAMTAR3: 

20 5'GCTC CGAGTCCACCTGCACGC rAT CGACCAGTGCCGTGTTC GGGA 3' 

LAMTAR4: 

5 ' GCTCC G AGTCC ACCTGC ACGCT ATA CG ACC AGTGCCGTGTTC GGG A 3\, 
Underlincd -complcmcntary to ribozyme half; 
Bold-non-complcmcntary additional sequence. 

25 

RNA transcripts: 

SB-24 (substrate for HH8): 
5'GGUCACAAUGUCGGUCGAGUUCCA 3' 
30 HH8-3 (ribozyme half): 

5'GGCGACCCUGAUGAGGCC GCGUGCAGGUGGACUCG 3* 
HH8-5 (ribozyme half): 

5 ' G G AACACGGCACUGG UCG GGCCG AAAC AU U AA 3' 
Underlincd -complcmcnlarv to target. 

35 

2. Preparation of RNA: 

DNA oligonucleotides were synthesized according to (1) above. 
The oligonucleotides were purified by electrophoresis on 15% polyacryl- 
amide 7M urea gel, UV-shadowcd and clutcd overnight at room temperature 
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in 0.5M Tris-Cl (pH-7.0), 0.1% SDS and 0.1 mM EDTA. Elutcd DNA 
was precipitated with 0.1 volumes of 3M sodium acetate and 3 volumes of 
ethanol, resuspended in 1 mM Tris-Cl (pH-7.0) and 0.1 mM EDTA and 
stored at -20°C until use. Purified oligonucleotides were annealed to 
5 complementary non-template T7 RNA polymerase promoter oligonucleotide 
(TAA TAC GAC TCA CTA TAG G) in 20 mM each by incubating at 95°C 
for 15 seconds and at 70" C, 60°C, 55°C, 50°C, 45 °C, 40°C and 37°C for 
5 min at each temperature. Transcription reaction mixture (50 ml) contained 
2 mg of annealed DNA, IX reaction buffer, 10 mM Dithiothreitol, 2 mM 

10 ATP, CTP and GTP, 1 mM UTP, 25 mCi [a 32 P] UTP and 1.1 mM MgCl 2 . 
The mixture was incubated for 1 hr at 37°C and then for 5 minutes at 80°C 
to deactivate the enzyme. The RNA was precipitated as described. 
Transcripts were purified by electrophoresis on 15% polyacrylamide 7 M 
urea gel. RNA was located by autoradiography and eluted as described. 

15 Eluted RNA was precipitated as described, resuspended in 0.1 X TE and 
counted in scintillation flour (Luma LSC). 

3. Cleavage reaction: 

Reactions (10 ml) were normally carried out in the presence 
20 of 0.5 pmol ribozyme, 50 mM Tris-Cl (ph-7.5), 1 mM EDTA (pH-7.5), 
0.05% SDS and 30 mM MgCl,. The reactions were preincubated at 95°C 
for 1 min in order to eliminate alternative RNA conformations which may 
have formed during storage at -20°C. The reactions were incubated at 37°C 
for 1 hour and stopped by adding a dye solution containing 10 M urea and 
25 10 mM EDTA and put on ice. The samples were denatured at 80°C for 5 
min and run on 15% polyacrylamide 7 M urea gel. 
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(b) Results: 

The results of the polyacrylamide gel are shown in Fig. 10. 
Ribozyme without a target did not produce appreciable cleavage. When the 
target was added, enhanced cleavage resulted. The enhancement was 
5 greatest in LAMTAR4 Ribozymes tested. 

Example 2 Catalytic system comprised a closed-circle composite 
molecule 

10 The SLS-precursor ribozyme (Rz) is a circular Rz with 11 bp 

long stemp-II. The two recognition arms are connected in tandem with an 
extra cleavage base separating them. Therefore this robozime has no 
activity, but serves as a template for active ribozymes. Once it has been 
cleaved, the "open" ribozyme becomes active (as shown schematically in 

15 Fig. 2(b)). In order to initiate the catalytic system an initiation ribozyme 
must be present. Spontaneous cleavage of RNA occurs at a rate of 1 event 
per 10 6 molecules per minute in 30 mM MgCl 2 at 37°C. A circular 
ribozyme spontaneously cleaved at the cleavage site becomes active and is 
capable of serving as the trigger. 

20 

(a) Methods 

1. Sequences: 

Oligodeoxyribonuclcotides were synthesized on an Applied 
Biosystem 381 A DNA synthesizer according to the manufacturer's recom- 
25 mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
for all RNA synthesis [a 32 P] UTP (3000Ci/mmol] was purchased from 
Rotcm Industries Ltd., Israel. 

The RNA precursor (SLS's) sequences were: 5' GGU CAG 
CAG UCG AA [Recognition arm I] X [Recognition arm III] CUG AUG 
30 AGA CUG CUG ACC A 3' 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 




PCT/US96/02380 



- 44 - 



SLS code 


R Pr*n&n i tin n *n-m 1 

AXVVUglJlHUll dl III 1 


Recognition arm ill 


Cleavage bite 


107 


CGCG 




A /I I 


108 


CUAG 


AAIIII 




113 


I IAI IA 


A A I IT I 


A /I I 

A/U 


115 


UGCA 


AAUU 


A/U 


208 


CUAG 


ACGU 


A/U 


213 


UAUA 


ACGU 


U 


215 


UGCA 


ACGU 


A/U 


313 


UAUA 


AGCU 


A/U 



2. Preparation of RNA 

Preparation of RNA was conducted as described in Example 

1 above. 

15 

3. Spontaneous cleavage reaction: 

Reactions (10/d) were normally carried out in the presence of 
5 pmol precursor ribozyme (SLS-transcripts), 50 mM Tris-Cl (pH-7.5), 1 
mM EDTA (pH-7.5), 0.05% SDS and 300 mM MgCl 2 . The reactions were 

20 preincubated at 95°C for 1 min in order to eliminate alternative RNA 
conformations which may have formed furing storage at -20°C The 
reactions were incubated at 37°C for 1 hour or overnight and stopped by 
adding a dye solution containing 10 M urea and 10 mM EDTA and put on 
ice. The samples were denatured at 80°C for 5 min and run on 15% 

25 polyacrylamide 7 M urea gel. 

(b) Results 

The results of the polyacrylamide gel arc shown in Fig. 11. 
A panel of 8 different circular ribozymcs was examined for cascade activity. 
30 The cascade was initiated, by spontaneous cleavage as described above. As 
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shown in Fig. 1, one of the ribozymes (#313) demonstrated a functioning 
catalytic cascade resulting in amplification in a positive feedback manner. 

Example III Ribozyme inhibition by blood and various materials 

5 used for DNA preparation 

All amplification techniques require a sample preparation step 
to release nucleic acids and eliminate inhibition of the reactions by blood 
components. Several materials like SDS, phenol and guanidinium are used 
10 in these preparations. An amplification reaction without the need of a 
sample prep step is to be performed. Ribozyme activity in the presence of 
blood, with and without nucleic acid releasing agents, was tested. Both 
RNA-only and modified ribozymes were examined. 

15 (a) Method 

1. Oligonucleotides: 

Oligodeoxyribonucleotidcs were purchased from the unit for 
molecular biology of the Haddassa Hospital, Mount Scopus, Jerusalem. The 
modified ribozyme was synthesized by RP1, Boulder, Co. The Ampliscribe 
20 T7 transcription kit (Epicenter Technologies) was used for all RNA 
synthesis. [y 32 P] ATP [6()()0ci/mmol] and [o^P] UTP [3000Ci/mmol] were 
purchased from Rotem Industries Ltd., Israel. T4 Polynucleotide kinase was 
purchased from NEB, Beverly, Ma. 

25 2. Ribozymes: 

DS-LS-RzA3-6: 5' GCAACAGTGGAGGAAAGCC UACeucUGGUACGUCCA 
cugaugagGCCG AAAGGCcgaaacG U AGU AAA 3' 
Lowercase- ribonucleotides; 
Uppercase- 2'-0-Mclhyl modification; 
30 Underlined upperca se- dcoxyriboiiueJcolidcs. 

HH8 (RNA transcript): 

5' GGCGACCCUGAUGAGGCCGAAAGGCCGAAACAUUAA 3'. 
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3. Labeling of modified ribozyme: 

50 pmoles of the ribozyme, 10 units of T4 Polynucleotide 
kinase and 20//Ci[v 32 P] ATP were incubated in IX reaction buffer in a total 
volume of 10 fA at 25°C for 1 hr. The reaction was terminated by 
5 incubation at 60°C for 10 minutes. 

4. Preparation of RNA: 

HH8 template DNA oligonucleotide was purified by electro- 
phoresis on 15% polyacrylamide 7 M urea gel, UV-shadowcd and eluted 

10 overnight at room temperature in 0.5 M Tris-Cl (pH-7.5), 0.1% SDS and 
0.1 mM EDTA. Eluted DNA was precipitated with 0.1 volume of 3 M 
sodium acetate and 3 volumes of ethanol, resuspendcd in 0.1 XTE (1 mM 
Tris-Cl pH-7.0 and 0.1 mM EDTA) and stored at -20°C until use. Purified 
oligonucleotide was annealed to complementary non-template T7 RNA 

15 polymerase promoter oligonucleotide (TAATACGACTCACTATAGG) in 
20 /iM each by incubating at 95°C for 15 seconds and at 70°C, 60°C, 55°C, 
50°C, 45°C, 40°C and 37°C for 5 min at each temperature. Transcription 
reaction mixture (50 ju\) contained 2 of annealed DNA, IX reaction 
buffer, 10 mM Dithiothreitol, 2 mM ATP, CTP and GTP, 1 mM UTP, 25 

20 mCi [a 32 P] UTP and 1.1 mM MgCl,. The mixture was incubated for 1 hr 
at 37°C and then for 5 minutes at 80°C to deactivate the enzyme. The RNA 
was precipitated as described. Transcripts were purified by electrophoresis 
on 15% polyacrylamide 7 M urea gel. RNA was located by autoradiography 
and eluted as described. Eluted RNA was precipitated as described, 

25 resuspended in 0.1X TE and counted in scintillation flour (Luma LSC). 

5. Cleavage reaction: 

Reactions (10 //I) were normally carried out in the presence of 
0.5 pmol modified ribozyme or HH8, 50 mM Tris-Cl (pH-7.5), 1 mD 
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EDTA (pH-7.5), 0.05% SDS and 30 mM MgCl 2 . 1 /<1 of whole blood or 
0.2 of whole blood and the additional component were added (See Fig. 
1). The reactions were incubated at 37°C for 1 hour and stopped by adding 
a dye solution containing 10 M urea and 10 mM EDTA and put on ice. The 
5 samples were denatured at 80°C for 5 min and run on 15% polyacrylamide 
7 M urea gel. 

(b) Results 

The results are shown in Fig. 12, wherein 0.5 pmol or 
10 ribozymes were present in each sample and 1 /<! blood was mixed with 
either 10% SDS 4 M guanidine isocyanate or phenol chloroform 1:1, 1 fx\ 
of each treated blood sample or the agent alone was added to the reaction 
test. The results of ribozyme activity is not inhibited by either 1% SDS,, 
0.35 M guanidine or by 5% phcnolOchloroform whether blood is present or- 
is not. Untreated blood degrades the RNA part of the ribozymes. These 
results show one of the advantages of the ribozyme based detection method - 
of the invention in that denaturating agents used in the preparation of the 
catalytic sample do not hinder catalytic activity of the ribizoyme. * 
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!• A method for detecting the presence of a catalytically active 

initiation ribozyme in a medium, comprising the steps of: 
5 (a) providing a catalytic system comprising 

(aa) ribozymes which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
activity on their target; the target of the ribozymes being other 
ribozymes of the catalytic system, their catalytic activity on 

10 such other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow 
them to reach their targets; 

at least some of the ribozymes of the catalytic system being a target 
15 of the catalytic activity of the initiation ribozyme, the catalytic activity of 
the initiation ribozyme on said some of the ribozymes being that of (i) or 
(ii) above; and comprising 

(ab) a detectable label having detectable properties such that 
the catalytic activity of the ribozymes causes a change in the 

20 detectable properties; 

(b) contacting the medium with said catalytic system; 

(c) providing conditions permitting said catalytically active 
initiation ribozyme and catalytically active ribozymes of the catalytic system 
to exert their catalytic activity, whereby the presence of a catalytically active 

25 initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system arc activated or freed into the medium; and 

(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium. 
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2. A method according to Claim 1, comprising the steps of: 

(a) contacting the medium with a catalytic system comprising: 

- a first and a second ribozyme, both being, a priori, catalyt- 
ically inactive; 

5 - said first ribozyme becoming catalytically active upon the 

catalytic activity of said second ribozyme and said second 
ribozyme becoming catalytically active upon catalytic activity 
of said first ribozyme; 

- at least one of said first or said second ribozyme becoming 
10 catalytically active also upon catalytic activity of said initiation 

ribozyme; 

- at least one of said first or said second ribozyme carries a 
label such that upon catalytic activity of the other ribozyme 
there is a change in the detectable properties of said label; - 

15 (b) providing conditions in which said initiation ribozyme and said 

first and said second ribozyme can exert their catalytic activity; and 

(c) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium. 

20 3. A method according to Claim 1, comprising: 

(a) contacting the medium with a catalytic system comprising: 

- a first composite nucleic acid molecule, comprising a first 
ribozyme of a kind capable of cleaving a first cleavable 
nucleic acid sequence, linked to a second cleavable nucleic 

25 acid sequence, cleavage of said second sequence releases said 

first ribozyme from said first composite molecule; 

- a second composite nucleic acid molecule, comprising a 
second ribozyme of a kind capable of cleaving said second 
cleavable nucleic acid sequence, linked to a first cleavable 
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nucleic acid sequence, cleavage of said first sequence releases 
said second ribozyme from said second composite molecule; 

- at least one of said first or second cleavable sequences being 
cleavable also by said initiation ribozyme; 

5 - said first composite and said second composite nucleic acid 

molecules being separated from one another to avoid contact 
between the two composite molecules; 

at least one of said first and said second composite molecules 
carries a detectable label, said label being released to the 
10 reaction medium following cleavage by the ribozyme com- 

prised in the other composite molecule; 
(b) providing conditions which enable a ribozyme cleavage and 
which allow migration of cleaved ribozymes between said first and said 
second composite nucleic acid molecules; and 
15 (c) detecting the presence of released labels, presence of released 

label in the medium indicating the presence of the catalytically active 
ribozyme in the medium. 

4. A method according to Gain 1, comprising the step of: 

(a) contacting the medium with a catalytic system comprising a 
20 third ribozyme being, a priori, catalytically inactive; 

- each molecule of said a priori catalytically inactive third 
ribozyme becomes active upon catalytic activity of other 
molecules of catalytically active third ribozymes; 

said a priori catalytically inactive third ribozyme becoming 
25 active also by the catalytic activity of said initiation ribozyme; 

said third ribozyme carries a label such that upon catalytic 
activity of the other third ribozyme molecule thereon, there is 
a change in the detectable properties of said label; 
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(b) providing conditions suitable for said third ribozyme and said 
initiation ribozyme to exert their catalytic activity; and 

(c) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 

5 medium. 

5. A method according to Claim 1, comprising: 

(a) contacting the medium with a catalytic system comprising: 
a composite nucleic acid molecule, comprising a labelled 
ribozyme linked to a cleavable nucleic acid sequence in an 
10 orientation or at a location which prevents cleavage of said 

nucleic acid sequence by said ribozyme while present in the 
composite molecule, said nucleic acid sequence being 
cleavable by said ribozyme when it is present in a free form, 
thereby releasing said labelled ribozyme from said composite 
15 molecule; 

said cleavable nucleic acid sequence being cleavable also by 
said initiation ribozyme; 
- said composite molecules being separated from one another to 
avoid contact therein between. 
20 (b) providing conditions which enable ribozyme cleavage and 

which allow migration of cleaved ribozymcs between said separated 
composite molecules; and 

(c) detecting the presence of released labels, presence of released 
label in the medium indicating the presence of the catalytically active 
25 ribozyme in the medium. 

6. A method according to Claim 4, for detecting the presence in 
a medium of a catalytically active ribozyme having the catalytic activity of 
cleavage comprising: 

(a) contacting the medium with a catalytic system comprising: 
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a composite nucleic acid molecule comprising a ribozyme 
which has a cleavable nucleic acid sequence, said composite 
molecule being in the form of a closed circle and said 
cleavable nucleic acid sequence being cleavable by the 
5 composite molecule in an open form; 

said cleavable nucleic acid sequence being cleavable also by 
the initiation ribozyme; 

said composite molecule carrying a detectable label which 
changes its detectable properties upon opening of the closed 
10 composite molecule; 

(b) providing conditions which enable ribozyme cleavage and 
migration; and 

(c) detecting for said detectable properties a change in said 
properties being an indication of the presence of catalytically active 

15 ribozyme in the medium. 



7. A method according to Claim 4, for detecting the presence in 

a medium of a catalytically active initiation ribozyme having the catalytic 
activity of splicing comprising: 

(a) contacting the medium with a catalytic system comprising: 
20 a sixth ribozyme having, in a region thereof essential for its 



catalytic activity, an extra nucleic acid sequence, said nucleic 
acid sequence renders the ribozyme inactive; 

- splicing of said extra nucleic acid sequence renders the sixth 
ribozyme active; 

25 - said extra nucleic acid sequence is capable of being spliced 

from the composite molecule by said sixth catalytically active 
ribozyme; 

- said extra nucleic acid sequence is also capable of being 
spliced by catalytically active detectable label; 
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said sixth ribozyme carrying a detectable label which changes 
its detectable properties upon splicing of the extra nucleic acid 
sequence. 

(b) providing conditions which allow ribozyme splicing; and 
5 (c) detecting said detectable properties a change in said properties 

being an indication of the presence of catalytically active ribozyme in the 
medium. 

8. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are located on opposite sides of a porous 

10 membrane blocking their passage therethrough while enabling passage of 
first and second free ribozymes. 

9. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are immobilized on a substrate. *■ 

10. A method according to Claim 5, wherein each composite 
15 molecule is immobilized on a substrate. 

11. A method according to Claim 9 or 10, wherein the substrate 
is a bead. 

12- A method according to Claim 3, wherein the first and second 

composite nucleic acid molecules arc linked to moieties having the same 
20 electrical charges. 

13. A method according to Claim 5, wherein each composite 
molecule is linked to a charged moiety, all moieties in the reaction mixture 
having the same charge. 

14. A method of detecting the presence of an assayed biomolecules 
25 in a test sample comprising the steps of: 

(a) contacting the sample with a detection system under conditions 
which enable production of catalytically active initiation ribozyme essentially 
only if the assayed biomolecules arc present in the sample; and 
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(b) detecting the presence of the cataiytically active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
15. A method according to Claim 14, comprising: 

5 (a) providing a first complex molecule comprising: an initiation 

ribozyme under conditions wherein the ribozyme is cataiytically inactive and 
a recognition biomolecule capable of specifically recognizing and binding 
said assayed biomolecule; 

(b) contacting said first complex molecule with the test sample 
10 under conditions which allow binding between said recognition biomolecule 

and said assayed biomolecule while maintaining the conditions which render 
the ribozyme cataiytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 
15 is rendered active; and 

(e) detecting the presence of the cataiytically active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
16* A method according to Claim 15, comprising: 

20 (a) providing a first complex molecule comprising: an initiation 

ribozyme, under conditions wherein the ribozyme is cataiytically inactive, 
and a recognition biomolecule capable of specifically recognizing and 
binding said assayed biomolecule, said ribozyme being linked to a cleavable 
nucleic acid sequence capable of being cleaved by a cataiytically activated 

25 initiation ribozyme, wherein cleavage of said cleavable sequence releasing 
cataiytically active initiation ribozyme to the surrounding medium; 

(b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
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and said assayed biomolcculc while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 
5 is rendered catalytically active to cause cleavage of said cleavable sequence 

and thus release the initiation ribozyme into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 

10 17, A method according to Claim 15, comprising: 

(a) providing a hybrid molecule comprising: an initiation ribozyme 
linked to a cleavable nucleic acid sequence which is capable, when single 
stranded, of being cleaved by the initiation ribozyme, cleavage of said 
cleavable sequence releasing catalytically active initiation ribozyme to the 

15 surrounding medium, the hybrid molecule further comprising a recognition 
biomolecule capable of specifically recognizing and binding said assayed 
biomolecule, said cleavable sequence and a part of said recognition 
biomolecule being a priori, double stranded; 

(b) contacting said hybrid molecule with the test sample under 
20 conditions which allow displacement of one strand of the double stranded 

part of the recognition biomolecule and the cleavable nucleic acid sequence 
by an essentially perfectly matched assayed biomolecule; 

(c) providing conditions allowing for cleavage by catalytically 
active ribozymes to cause cleavage of single stranded cleavable sequence, 

25 thereby releasing catalytically active initiation ribozyme into the surrounding 
medium; and 

(d) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolcculc in the sample. 
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18. A method according to Claim 15, comprising: 

(a) providing a second complex molecule comprising an initiation 
ribozyme and a recognition biomolecule capable of specifically recognizing 
and binding said assayed biomolecules, said ribozyme linked to a cleavable 
5 nucleic acid sequence capable of being cleaved by catalytically active 
initiation ribozyme, cleavage of said cleavable sequence releasing catalyti- 
cally active initiation ribozyme to the surrounding medium, said second 
complex molecule also comprising an inhibitory moiety capable of inhibiting 
the catalytic activity of said initiation ribozyme; 

10 (b) contacting said second complex molecule with the test sample 

under conditions which allow binding between said recognition molecule and 
said assayed biomolecule while maintaining the inhibitory moiety in its 
inhibiting form; 

(c) removing unbound second complex molecules; 

15 (d) modifying said inhibitory moiety in the bound second complex 

molecules so as to remove its inhibitory effect thereby causing cleavage of 
said cleavable sequence and releasing the initiation ribozyme into the 
surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 

20 ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 

19. A method according to Claim 15, wherein the conditions in (a) 
are essentially lack of magnesium ions and step (d) comprises adding to the 
reaction medium magnesium ions in a concentration sufficient to render said 

25 initiation ribozyme catalytically active. 

20. A method according to Claim 14, wherein the assayed 
biomolecule is a nucleic acid sequence and the method comprising the steps 
of: 

(a) contacting the sample with a detection system comprising: 
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- a first oligonucleotide molecule having a double-stranded 
promoter, a single-stranded oligonucleotide sequence being 
essentially DNA which is essentially identical with the 
initiation ribozyme sequence; a single-stranded sequence 
5 being essentially DNA which is essentially identical with a 

cleavable sequence capable of being cleaved by a catalytically 
active initiation ribozyme and a single-stranded sequence 
which is complementary to the 5 '-part of the assayed nucleic 
acid sequence; 

10 - a second oligonucleotide molecule having a single-stranded 

sequence being complementary to the 3 '-part of the assayed 
nucleic acid sequence and further comprises a single-stranded 
triggering oligonucleotide template which can be transcribed 
to give a triggering oligonucleotide sequence, said triggering 

15 oligonucleotide sequence capable, in the presence of a back 

promoter construct and DNA polymerase, to trigger a reaction 
in a transcription system wherein the sequence to which it is 
attached is transcribed; 

(b) providing conditions which allow the hybridization of said first 
20 and said second oligonucleotide molecule to the assayed nucleic acid 

sequence; 

(c) adding a transcription system, under conditions which allow 
transcription, whereby triggering oligonucleotide sequence is transcribed, 
said triggering oligonucleotide sequence, in the presence of a back promoter, 

25 DNA polymerase and transcription system and under conditions allowing 
hybridization, DNA polymerization and transcription, brings to transcription 
of a final oligonucleotide transcript comprising initiation ribozyme linked to 
a cleavable sequence capable of being cleaved by catalytically active 
initiation ribozyme; 
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(d) providing conditions which allow cleavage of said cleavable 
sequence by said catalytically active ribozyme, to cause cleavage of said 
cleavable sequence and thus release itself into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
5 ribozyme according to the method of any one of Claims 1-5, presence 

thereof, indicating the presence of the assayed biomolecule in the sample. 
21 * A method according to Claim 14, wherein the assayed 

biomolecule is a nucleic acid sequence and the method comprising the steps 
of: 

0 (a) incubating the test sample with a detection system comprising: 

a third composite molecule comprising a third single-stranded 
oligonucleotide sequence being complementary to the 5'-part 
of the assayed nucleic acid sequence, said third oligonucleotide 
sequence being linked to a part of the initiation ribozyme; 
5 - a fourth composite molecule comprising a fourth single- 

stranded oligonucleotide sequence being complementary to the 
remaining 3 '-part of the assayed nucleic acid sequence, said 
fourth oligonucleotide sequence being linked to a part of the 
initiation ribozyme required to complete the ribozyme linked 
0 to the third oligonucleotide sequence to give a complete 

initiation ribozyme; 
(b) providing conditions allowing hybridization of said third and 
fourth oligonucleotide sequences with the assayed nucleic acid sequence and 
which enable assembly of a full initiation ribozyme from its parts; and 
5 (c) detecting the presence of the catalytically active initiation 

ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 
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22. A method according to Claim 14, wherein the assayed 
biomolecule is a nucleic acid sequence and the method comprises the steps 
of: 

(a) incubating the test sample with a detection system comprising: 
5 - a ribozyme of the hammerhead type wherein some of the 

double-stranded portion of Stem-II has been shortened and 
wherein the remaining double-stranded Stem-II is attached to 
two single-stranded sequences one being complementary to 
the 3'-end of the assayed nucleic acid sequence and the othe 
10 being complementary to the 5'-end of the nucleic acid 

sequence; 

- said ribozyme being a priori inactive; 

- hybridization of said two single-stranded sequences to 
complementary sequences renders the ribozyme catalytically 

15 active; 

(b) providng conditions allowing hybridization of said ribozyme 
with said assayed nucleic acid sequence; and 

(c) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 

20 thereof, indicating the presence of the assayed biomolecule in the sample. 

23. A method according to Claim 1, for detecting the presence in 
the medium of a catalytically active initiation ribozyme having the activity 
of cleavage comprising: 

(a) contacting the medium with a catalytic system comprising: 
25 - a fourth ribozyme of a kind capable of ligating parts of a fifth 

ribozyme, linked to a nucleic acid sequence cleavable by the 
initiation ribozyme, cleavage of said nucleic acid sequence 
releasing catalytically active fourth ribozyme to the surround- 
ing medium; 
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two parts of a fifth ribozyme which are capable of being 
ligated by the fourth ribozyme to give a catalytically active 
fifth ribozyme, said fifth ribozyme being of a kind capable of 
ligating parts of a fourth ribozyme; 
5 - two parts of a fourth ribozyme which are capable of being 

ligated by the fifth ribozyme to give a catalytically active 
fourth ribozyme; 

said fourth molecule being a priori separate from the two parts 
of the fifth ribozyme to avoid contact thereinbetween; 
1° - at least one of said fourth or said fifth ribozyme carries labels 

which changes its detectable properties upon ligation; 
(b) providing conditions which enable ribozyme cleavage and 
which allow migration of the cleaved full fourth molecule to the two parts 
of the fifth ribozyme; 
15 (c) providing or maintaining conditions allowing ribozyme 

ligation; and 

(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of said initiation ribozyme in said 
medium. 

20 24. A method according to Claim 1, for detecting the presence in 

the medium of catalytically active initiation ribozyme having the activity of 
ligation comprising: 

(a) contacting the medium with a catalytic system comprising: 

- two parts of a fifth ribozyme which are capable of being 
25 ligated by a fourth ribozyme to produce a catalytically active 

fifth ribozyme, said fifth ribozyme being of a kind capable of 
ligating parts of a fourth ribozyme; 

- two parts of a fourth ribozyme which are capable of being 
ligated by a fifth ribozyme to produce a catalytically active 
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fourth ribozyme; said fourth ribozyme being of a kind capable 
of ligating parts of the fifth ribozyme; 

either said two parts of the fifth ribozyme or said two parts of 
the fourth ribozyme are capable of being ligated by a catalyti- 
5 cally active initiation ribozyme; 

- at least one of said fourth or said fifth ribozyme carries labels 
which changes its detectable properties upon ligation; 

(b) providing conditions allowing ribozyme ligation; 

(c) detecting said detectable properties, a change in said properties 
10 being an indication of the presence of said initiation ribozyme in said 

medium. 

25. A kit for use in the method of any one of Claims 1 to 24. 
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DETECTION OF BIOMOLECULES 



FIELD OF THE INVENTION 

The present invention concerns a method and kit for the detection 
of the presence of catalytically active ribozymes in a medium. The method 
and kit of the invention may be useful within the framework of a method 
5 and kit for the detection of the presence of specific biomolecules in a test 
sample. 



BACKGROUND OF THE INVENTION 

Detection of the presence of specific biomolecules, such as DNA 
10 or RNA sequences, proteins, antigens, antibodies, etc., in a sample is 
required for a variety of experimental, diagnostic and therapeutic purposes. 
A multitude of assays are available for detecting proteinaceous biomolecules 
such as gel electrophoretogram, HPLC, affinity chromatography, as well as 
other assays which are performed by use of an appropriately labelled probe. 
15 While such assays are satisfactory where the proteinaceous biomolecule to 
be detected is present in sufficiently large quantities, they are at times not 
sensitive enough to allow detection of minute quantities of biomolecules. 
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DNA or RNA sequences can be detected by the use of a labelled 
probe. Where the DNA or RNA sequences to be detected present in only 
very small amounts, they have to be amplified by methods such as LCR 
(ligase chain reaction), SSR (self-sustained sequence replication) or PCR 
5 (polymerase chain-reaction). 

Although amplification methods such as PCR have had an 
extremely high impact on basic research, they have been slow in making the 
transition to the clinical setting. The primary reason for this is that the 
requirement for automation combined with the clinical environment of the 

10 samples, have yielded processes that are complex, slow and expensive. The 
need for protein enzymes with their high sensitivity to environmental factors 
necessitates a very controlled environment in which they are to operate. 
Typically, a clinical sample contains many components that can interfere 
with the enzyme's ability to perform its catalytic activity. In addition, the 

15 standard methods that are used for sample preparation to release the nucleic 
acids, such as Guanidine thiocyanate or Phenol extraction are unsuitable for 
protein based enzymatic activity and it is therefore necessary to remove the 
target nucleic acid from sample preparation. 

Ribozymes are typically RNA molecules having enzyme-like 

20 catalytic activities that are usually of cleavage, splicing or ligation of nucleic 
acid sequences. The known substrates for ribozymes are RNA molecules 
although there have been some indications that ribozymes may act on DNA 
molecules and on proteins. 

Natural ribozymes which participate in intracellular reaction work 

25 in cis, catalyzing only a single turnover, and are usually self-modified 
during the reaction. However, ribozymes can be engineered to act in trans, 
in a truly catalytic manner, with a turnover greater than one and without 
being self-modified. Two distinct regions can be identified in a ribozyme: 
the binding region which gives the ribozyme its specificity through 
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hybridization to a specific nucleic acid sequence (and possibly also to 
specific proteins), and a catalytic region which gives the ribozyme the 
activity of cleavage, ligation or splicing. Each class of ribozymes cleaves 
a different sequence of nucleotides using a distinct mechanism of action. 
5 Each class is further distinguished by the number of nucleotide bases that 
are essential for its catalytic activity and by the degree of the specificity of 
the ribozyme and the target sequence (Robert H. Simons, Annual Review 
of Biochemistry, 61, pp. 641-671, (1992)). 

It has recently been proposed to use ribozymes in order to treat 

10 diseases or genetic disorders by cleaving a target RNA, such as viral RNA 
or messenger RNA transcribed from genes that should be turned off. This 
method is proposed as an alternative to blockage of the RNA transcript by 
the use of antisense sequences. Owing to the catalytic nature of the 
ribozyme, a single ribozyme molecule cleaves many molecules of target 

15 RNA and therefore therapeutical activity is achieved in relatively lower 
concentrations than those required in an antisense treatment (WO 96/23569). 

The use of ribozymes for diagnostic purposes has been only 
seldomly mentioned. WO 94/13833 describes a method for detecting 
nucleic acid molecules in a solution by tailoring a specific ribozyme 

20 molecule having two regions, one complementary to the nucleic acid 
sequence to be detected, and the other complementary to a co-target 
molecule bearing a detectable label. The ribozyme is able to specifically 
and reversibly bind both a selected target nucleic acid sequence and to the 
labelled co-target. When both the target and the co-target are bound, the 

25 ribozyme undergoes a conformational change which renders it active and 
able to cleave the label off the co-target, and the free label can then be 
detected. Upon cleavage of the co-target, the ribozyme is able to re- 
associate with an additional co-target, cleaving more label and producing 
more detectable signals. 
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Although the inventors of WO 94/13833 termed their invention 
"amplification of signal" there is actually no amplification in the number 
of ribozymes produced, but rather the reaction is purely an enzymatic 
reaction, wherein the catalytic substance (in this case the ribozyme) cleaves 
5 the substrate (in this case the co-target) and then disassociate and cleave 
another substrate. There is no true amplification of the number of active 
ribozymes involved in the reaction occurs. 



GLOSSARY 

Below is a glossary of terms which are used in the following 
description and claims. However, this glossary should not be considered 
separately and for full comprehension of the various terms and the meaning 
in which these terms have in the context of the invention, the glossary 
should be read in conjunction with the remainder of the disclosure herein. 

Ribozyme - a nucleic acid molecule which possesses an enzyme-like 
catalytic acivity. The term "ribozyme" as used in the art generally refers 
to RNA molecules having a catalytic activity although in the context of the 
present invention this term is used to denote a catalytically active (enzyme- 
like) oligonucleotide in general. The ribozyme of the invention may thus 
be an RNA molecule, may be an oligonucleotide comprising dNTPs or 
composed completely of dNTPs and may also comprise a variety of non- 
naturally occurring nucleotides such as IsoG or IsoC 5'-0-(l-thio- 
triphosphate) nucleosites and 5-0-methyl nucleotides. The ribozyme which 
may be used in accordance with the present invention may be comprised 
exclusively of nucleic acids as described above or may require a co-factor 
for their catalytic activity. The ribozymes may have a catalytic activity of 
cleavage, ligation, splicing or splicing-out (removal) of oligonucleotide 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



• 



PCT/US96/02380 



- 3 - 



sequence, addition of groups to oligonucleotides, rearrangement of nucleic 
acid sequences, etc. 

Assayed biomolecule - a molecule the presence of which in the test sample 
5 is to be detected. It can be an oligonucleotide or a member of a recognition 
pair such as receptor/ligand, antibody/antigen, lectin/glycoprotein, etc. 

Initiation ribozyme - The ribozyme which initiates the reaction where 
more ribozymes arc produced, eventually leading to the generation of a 

10 detectable label. Where the method of the invention is used to detect 
biomolecules, the initiation ribozyme is part of the detection system (see 
below), and serves as a reporter for the presence of the assayed biomolecule, 
since only in the presence of said assayed biomolecules it is either generated 
or it becomes catalytically active. The presence of an active initiation 

15 ribozyme activates the catalytic system (sec below). 

Detection system - the combination of molecules and reagents that enable 
the production or activation of a catalytically active initiation ribozyme, 
which serves as a reporter for the presence of the assayed biomolecules in 

20 the test sample. In other words, in the presence of the assayed 
biomolecules, following a reaction or a cascade of reactions, a catalytically 
active initiation ribozyme is eventually generated. The presence of the 
initiation ribozyme is verified in the catalytic system (see below) where it 
brings to the generation of more active ribozymes in an amplificatory 

25 manner (the ribozymes themselves or a product of their catalytic activity, 
e.g. a free label is then detected at the final stage of the assay). 

Inactive ribozyme - a potentially catalytically active ribozyme which 
cannot exert its catalytic activity (cleavage, splicing, ligation, etc.) until it 
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has been modified, or until the conditions in the medium have not been 
amended to such in which it becomes active. 

Activation - rendering an inactive ribozyme catalytically active by some 
5 kind of catalytic action (cleavage, splicing, ligation, addition of groups, 
rearrangement), or by change of external conditions (such as addition of 
magnesium ions). 

Inhibitory moiety - a moiety which may at times be present in the second 
10 complex molecule (see below) and which when present renders the 
initiation ribozyme inactive. The inhibitory effect of the inhibitory moiety 
can be terminated by its modification or removal from the complex 
molecule. 

Complex molecule - a molecule which forms part of the detection system 
in accordance with an embodiment of the invention referred to herein as the 
"activation embodiment". In one mode of carrying out the activation 
embodiment, a "first complex molecule" is being used, which comprises an 
initiation ribozyme which is a priori, catalytically inactive (for example, due 
to lack of magnesium ions in the medium) linked to a sequence capable of 
being cleaved by an active initiation ribozyme and comprising in addition 
a recognition biomolecule (see below). In another mode of carrying out 
the activation embodiment, a "second complex molecule" is being used, 
which comprises an initiation ribozyme which is a priori, catalytically 
inactive and is linked to a sequence capable of being cleaved by an active 
initiation ribozyme and comprising in addition a recognition biomolecule 
(see below). The second complex molecule further comprises an inhibitory 
moiety. 
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Recognition biomolecule - a molecule capable of specifically recognizing 
and binding to the assayed biomolecule. Where the assayed biomolecule is 
an oligonucleotide sequence, the recognition biomolecule is the complemen- 
tary sequence. Where the assayed biomolecule is a member of a recognition 
5 pair (such as antigen-antibody) the recognition biomolecule is the other 
member of the pair. 

First oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3' -5': a double-stranded functional promotor, a 

10 single-stranded sequence that codes for a sequence complementary to the 
sequence of the initiation ribozymes, a single-stranded sequence identical 
(with the necessary U-T replacements) with an RNA sequence capable of 
being cleaved by a catalytically active initiation ribozyme, and a single- 
stranded sequence complementary to the 5'-part of the oligonucleotide 

15 sequence to be detected. 

Second oligonucleotide - an oligonucleotide, typically a DNA molecule; 
which comprises from 3'-o': a single-stranded 3'- part complementary' 
to the oligonucleotide sequence to be detected, and a triggering oligonu- 
20 cleotide template (see below). 

Triggering oligonucleotide template - an oligonucleotide sequence which 
is part of the second oligonucleotide, the transcription product of which is 
capable of hybridizing with the hack promotor construct (see below). 

25 

Triggering oligonucleotide sequence - the transcriptional product of the 
triggering oligonucleotide template, capable of hybridizing with the back 
promotor construct (see below) and after the back promotor has been 
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completed, can bring to transcription of an oligonucleotide sequence to 
which it is attached. 

Non-template strand oligonucleotide - the transcription product of the 
5 oligonucleotide hybrid obtained by hybridization of the assayed nucleic acid 
sequence, the first oligonucleotide and the second oligonucleotide, and which 
comprises from 3'-5': a triggering oligonucleotide sequence, a sequence 
complementary to the assayed biomolecule, a sequence complementary to a 
sequence which can be cleaved by the initiation ribozyme, and a sequence 
10 complementary to the initiation ribozyme. 

Back promotor construct - a single-stranded promotor sequence attached 
to a single-stranded sequence capable of hybridizing with the triggering 
oligonucleotide sequence. After hybridization with the triggering oligonu- 
15 cleotide sequence, and upon action of a suitable DNA polymerase, a 
functional double-stranded promotor is created, which in the presence of a 
transcription system (sec below) is capable of producing the final 
oligonucleotide transcript (sec below). 

20 Final oligonucleotide transcript - the transcriptional product of the 
oligonucleotide hybrids obtained following hybridization of the back 
promotor construct, non-template strand oligonucleotide (after the promotor 
has been completed by a suitable DNA polymerase to a double-stranded 
functional promoter), and comprises from 5' -3': an initiation ribozyme 

25 sequence, a sequence capable of being cleaved by said initiation ribozyme, 
a sequence that codes for the complement of the detected sequence on the 
assayed biomolecule, and a sequence that codes for the complement of the 
triggering oligonucleotide template. The initiation ribozyme in said final 
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oligonucleotide transcript can cleave its adjacent sequence thus freeing itself 
and yielding a free, fully active initiation ribozyme. 

Third oligonucleotide sequence - a nucleic acid sequence complementary 
5 to the 5' -part of the sequence to be detected in the assayed biomolccule. 

Third composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention, and which comprises the third oligonucleotide 
sequence linked to part of the initiation ribozyme. It optionally also 
10 comprises a sequence cleavable by an active initiation ribozyme. 

Fourth oligonucleotide sequence - an oligonucleotide sequence comple- 
mentary to the 3 '-part of the sequence to be detected in the assayed 
biomolecule. 

15 

Fourth composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention which comprises the fourth oligonucleotide sequence 
linked to part of the initiation ribozyme required to complete the part present 
in the third composite to obtain a complete catalytically active ribozyme. 
0 It optionally also comprises a sequence cleavable by an active initiation 
ribozyme. 

Catalytic system - An ensemble of molecules and reaction mixtures which 
in the presence of a catalytically active initiation ribozyme produces a 
5 detectable signal. This ensemble of molecules comprises a combination of 
composite molecules comprising a ribozyme which is a priori inactive. By 
one embodiment, the catalytic system comprises reagents and a combination 
of a first composite molecule and a second composite molecule (see below), 
comprising a first and second ribozyme (inactive), respectively. The first 
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and second ribozymes arc a priori inactive and either or both can be 
activated by a catalytically active initiation ribozyme. Active first ribozyme 
may activate inactive second ribozyme molecules, and active second 
ribozymes may activate inactive first ribozyme to cause amplification of the 
5 number of active ribozymes in a positive feedback manner. Alternatively, 
the first and second ribozymes may be immobilized or spatially separated 
from each other and cleavage of one or both by the initiation ribozyme 
causes their release to the medium. Released, free ribozymes can free 
immobilized second ribozymes (for example by cleavage) and free second 

10 ribozymes can in turn release and free first ribozyme, thus giving rise to self 
amplifying reaction cascade which rapidly yields an amplification in the 
number of active ribozymes in a positive feedback manner. 

The catalytic system may also comprise in accordance with 
another emboidment, only one species of composite molecules which are 

15 immobilized or spatially separated from each other in the reaction vessel or 
which are a priori inactive. An initiation ribozyme activates the inactive 
ribozyme or releases the ribozyme from the composite molecule and active 
or released ribozymes then act to respectively activate inactive or free 
immobilized other ribozymes, then giving rise to a self amplifying reaction 

20 cascade which rapidly yields an amplication in the number of active 
ribozymes in a positive feedback manner. 

As a result of ribozyme activation or release, a detectable signal 
is produced which signal is indicative to the presence of the initiation 
ribozyme in the medium. 

25 

First composite molecule - comprises a first ribozyme (see below), 
optionally labelled, linked to second nucleic acid sequence (see below). 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 




PCT/US96/02380 



- 11 - 



Second composite molecule - comprises a second ribozyme (see below), 
optionally labelled, linked to a first nucleic acid sequence (see below). 

First nucleic acid sequence - an oligonucleotide sequence which is part of 
5 the second composite molecule and which is a target for the catalytic 
activity of the first ribozyme (see below). Following the catalytic activity 
of the first ribozyme on the first nucleic acid sequence, the second ribozyme 
(see below) is either released into the medium or becomes catalytically 
active. 

10 

Second nucleic acid sequence - an oligonucleotide sequence which is part 
of the first composite molecule and which is a target for the catalytic ** * , 

activity of the second ribozyme (sec below). Following the catalytic activity % 
of the second ribozyme on the second nucleic acid sequence, the first \ $ 

15 ribozyme (see below) is either released into the medium or becomes 

catalytically active. . v | 

- '4 

First ribozyme - part of the first composite molecule - is capable of -f * 

cleaving the first nucleic acid sequence and is identical in its catalytic 
20 activity to the initiation ribozyme. It is optionally labelled. 

Second ribozyme - part of the second composite molecule - is capable of 
cleaving the second nucleic acid sequence and is optionally labelled. 

25 Third ribozyme - a ribozyme which may form part of the catalytic system 
in accordance with another embodiment thereof. The third ribozymes are 
initially inactive. Initiation ribozyme acts to activate the third ribozyme by 
exerting its catalytic activity thereon (in a manner to be explained below) 
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and the activated ribozyrnes can then act, to activate other third ribozymes 
in the catalytic system. 

Transcription system - ensemble of oligonucleotide, nucleotides, RNA 
5 polymerase and reagents which, in the presence of an oligonucleotide 
template bring to the transcription of an oligonucleotide transcript. 

Fourth ribozyme - a ribozyme which is part of the catalytic system in 
accordance with an embodiment thereof, and which once catalytically active 
10 can ligate two parts of the fifth ribozyme (see below) to produce a 
catalytically active fifth ribozyme. The fourth ribozyme is composed of at 
least two components, which are initially separated, and which are ligated 
together by the fifth ribozyme (when catalytically active). Following such 
ligation, the fourth ribozyme becomes catalytically active. 

15 

Fifth ribozyme - a ribozyme which is part of the catalytic system 
comprising the fourth ribozyme and which once catalytically active can 
ligate together two parts of the fourth ribozyme to produce a catalytically 
active fourth ribozyme. The fifth ribozyme is composed of at least two 
20 components, which are initially separated and which are ligated together by 
the fourth ribozyme. Following such ligation, the fifth ribozyme becomes 
catalytically active. 

Sixth ribozyme - a specific example of the third ribozyme wherein the 
25 inactive ribozyme carries an extra nucleic acid sequence, and is activated 
upon cleavage or splicing-out (i.e. removal) of this sequence. 
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Seventh ribozyme - a ribozyme wherein the assayed nucleic acid sequence 
completes a missing portion essential for its catalytic activity, and thus once 
combined with the assayed sequence it becomes catalytically active. 

5 SUMMARY OF THE INVENTION 

The present invention provides a ribozyme-based signal- 
amplification method which is relatively simple to perform, is rapid and 
inexpensive. Unlike hitherto available detection-amplification methods, the 
method of the invention is also suitable for a point-of-care (POC) testing. 

1 0 One advantage of the method of the invention is in that ribozymes 

are active under conditions found in the clinical environment, e.g. in 
bioligical fluids. Furthermore, as will be shown further below, the signal- 
amplification method in accordance with the invention does not require the 
observance of specific conditions in order to ensure specificity (strict 

15 observance of conditions is a must in prior art signal-amplification 
methods). Additionally, ribozymes are functional in various sample 
preparation cocktails, e.g. 1 M Guanadine thiocyanate as well as in a 
saturated phenol preparation, which usually inhibits function of other 
detection-amplification systems. 

20 Ribozymes are composed of nucleic acid sequences and thus assay 

and probe sequences can be included in the ribozyme molecule. Further- 
more, it is possible to increase the specificity of the amplification process 
by engineering the ribozyme such that part of the assayed sequence itself is 
required for the ribozyme to exert its catalytic activity. 

25 A very powerful technique, termed in the art as "in vitro 

evolution" has been successfully applied to ribozymes to produce a 
ribozyme with various catalytic activities and specificities. By such 
techniques, a vast array of potential ribozymes are screened for activity. 
Those ribozymes that show activity are purified for further rounds of 
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selection and after repeated rounds only the most potent candidates remain. 
In traditional amplification techniques, following a choice of the enzyme, the 
environment where the enzyme is to operate, i.e. the sample-comprising 
medium, has to be modified to allow proper activity of the enzyme. In the 
5 case of ribozymes, using in vitro evolution, it is possible to select a 
ribozyme which is highly active in a desired clinical (biological) medium, 
by performing the in vitro evolution in a selection medium which is 
identical in its composition to the clinical sample. 

The present invention provides a sensitive method for the 

10 detection of a cataytically active ribozyme (referred to herein as "initiation 
ribozyme") in a medium. Detection of the presence of a catalytically active 
initiation ribozyme may be a goal by itself, although usually the catalytically 
active initiation ribozyme serves as reporter for the presence of other 
biomolecules in the test sample. Once a medium comprising an active 

15 initiation ribozyme is introduced into a catalytic system in accordance with 
the invention, there results a catalytic reaction cascade which gives rise to 
an exponential amplification in the number of active ribozymes. The 
catalytic system comprises ribozymes which are either inactive or spatially 
separated from one another such that they cannot exert their catalytic 

20 activity; the initiation ribozyme frees or activates ribozymes of the catalytic 
system which in turn free or activate respectively, further ribozymes of the 
system. The ribozymes either carry a detectable label or the catalytic 
activity causes generation of a detectable label, which then serves as an 
indication of the catalytic cascade which occurred in the system. 

25 According to embodiments of the present invnetion in which the 

ribozymes are initially immobilized, the presence of free ribozymes in the 
reaction medium may serve as a detectable signal by itself. In accordance 
with another embodiment, each active ribozyme is made to carry or produce 
a detectable label and these then serve as the detectable signal. 
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According to the method of the invention there is very little false 
positive signal, i.e. low noise level; furthermore the method of the invention 
enables the detection of several biomolecules in a single assay system. 

The present invention thus provides a method for detecting the 
5 presence of a catalytically active initiation ribozyme in a medium, compris- 
ing the steps of: 

(a) providing a catalytic system comprising 

(aa) ribozymcs which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
10 activity on their target; the target of the ribozymes being other 

ribozymes of the catalytic system, their catalytic activity on such 
other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow them 
15 to reach their targets; 

at least some of the ribozymes of the catalytic system being a target of 
the catalytic activity of the initiation ribozyme, the catalytic activity of the 
initiation ribozyme on said some of the ribozymes being that of (i) or (ii) 
above; and comprising 
20 (ab) a detectable label having detectable properties such that the 

catalytic activity of the ribozymes causes a change in the 
detectable properties; 

(b) contacting the medium with said catalytic system; 

25 (c) providing conditions permitting said catalytically active initiation 

ribozyme and catalytically active ribozymes of the catalytic system to exert 
their catalytic 'activity, whereby the presence of a catalytically active 
initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system arc activated or freed into the medium; and 
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(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium. 

The prime utility of the ribozyme detection method of the 
5 invention, is within the framework of an assay designed to detect the 
presence of a biomolecule such as: a specific nucleic acid sequence, a 
member of a binding couple such as antibody-antigen, sugar-lectin, etc., in, 
a biological sample. Such an assay may conceptually be thought of as 
comprising two distinct components (although these components may be 

10 included physically together in a single reaction vessel): a detection system 
and a catalytic system. In such an assay, the presence of the assayed 
biomolecule brings to the production, in a manner to be described further 
below, of a catalytically active initiation ribozyme in the medium. The 
catalytically active initiation ribozyme then acts as a reporter molecule in the 

15 catalytic system, giving rise, following a reaction cascade which amplifies 
the number of active ribozymcs, to the appearance of a detectable label in 
the reaction medium as generally described above. The appearance of such 
a detectable label in the medium of the catalytic system thus indicates the 
presence of the assayed biomolecule in the original assayed biological 

20 sample. 

DETAILED DESCRIPTION OF THE INVENTION 

. In accordance with the invention, novel use is made of ribozymes. 
In the most generalized sense, a catalytic system comprising ribozymes is 
25 used for the detection of the presence of a catalytically active initiation 
ribozyme in an assayed medium. Detection of the presence of a catalytically 
active initiation ribozyme in an assayed medium may be a goal by itself, for 
example, in the process of preparation of ribozymes by in vitro evolution. 
In addition, in accordance with a preferred embodiment of the invention, the 
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catalytically active initiation ribozymc serves as a reporter for the presence 
of an assayed biomolecule (other than the initiation ribozyme) in an assayed 
biological sample. 

The ribozymes used in accordance with the invention may be 
5 comprised entirely of RNA. At time it is possible also to replace some of 
the ribonucleotides ("rNTPs") in the RNA with deoxy nucleotides 
("dNTPs") or some other naturally or non-naturally occurring nucleotides 
such as IsoG or IsoC 5'-0-(l-thiotriphosphate) nucleotsites and 
5-0-methyl nucleotides. Such replacement is at times desired, for example, 

10 to increase stability of the ribozyme to RNAase which are present in almost 
all biological samples. While this will not specifically be mentioned at each 
time, it is understood that the term "ribozyme" means to denote catalytic 
nucleotides composed entirely of rNTPs or catalytic oligonucleotides 
wherein some of the rNTPs have been replaced by dNTPs or other 

15 nucleotides. The ribozyme may also be entirely composed of DNA (Breaker 
et ai t Chemistry and Biology, I(4):223-9, 1994). 

The ribozymes of the invention may comprise of nucleic acid 
sequences as described above complexed with a non-nucleic acid molecule 
such as a protein, polypeptide, fatty-acid, dye, antibiotic, or a carbohydrate. 

20 The non-nucleic acid moiety complexed with the ribozyme may serve as a 
co-factor for the ribozyme f s catalytic activity. 

In the following, use of the term "oligonucleotide" will be made. 
The oligonucleotides may, depending on the context, be a DNA oligo- 
nucleotide (consisting entirely of dNTPs) or a RNA oligonucleotide 

25 (consisting entirely of rNTPs). However, specifically in the case of RNA 
oligonucleotides, it is at times desired to replace some or all of the rNTPs 
with dNTPs or other naturally and non-naturally occurring nucleotides. 

The present invention provides, in its broadest sense, a method for 
the detection of the presence in a tested medium of a catalytically active 
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initiation ribozyme. By "catalytically active", it is meant that a ribozyme 
is capable of carrying out a catalytic reaction such as cleavage, splicing, 
ligation, addition of specific groups such as phosphate to molecules, 
rearrangement of nucleic acid sequences and the like. 
5 The catalytic system in accordance with one embodiment for 

carrying out the invention comprises two species of ribozymes which are a 
priori inactive, but become catalytically active as a result of the exertion of 
a catalytic activity thereon. For example, each ribozyme may have a nick 
or break in a portion essential for its activity and prior ligation of this nick 

10 or break is thus required for its activation. The catalytic system in this case 
comprises two species of ribozymes, each species a priori broken into two 
components and thus initially inactive. An active ribozyme of one species 
is capable of ligating the two components of the second species of ribozyme 
thus rendering it active, and an active ribozyme of the second species of 

15 ribozyme is capable of ligating the two components of the first species of 
ribozymes, thereby rendering it active. Then the activation proceeds by 
cross-ligation in a positive feedback amplificatory manner. 

The first active ribozyme of one species may be produced by the 
initiation ribozyme which is a product of the detection system, in one of two 

20 routes. According to one route, some of the ribozymes of the first species 
are a priori fully assembled but cannot ligate the parts of the second species 
of ribozyme, since they are spatially separated therefrom, for example, as a 
result of being immobilized by means of a porous membrane, etc. The 
initiation ribozyme cleaves the molecules of the immobilized fully assembled 

25 first species of ribozyme, and the free first species of ribozyme then ligates 
the second species of ribozymes which can in turn ligate members of the 
first species of the ribozyme which are not, a priori, assembled and so on. 

According to the second route, the initiation ribozyme is itself a 
ligating ribozyme which ligates from its parts, at least one species of the two 
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ribozyme of the catalytic system, thus initiating the cross-ligation cascade. 
In such a case there is no need to spatially separate various members of the 
catalytic system since until the initiation ribozyme is introduced to the 
reaction mixture no catalytic process can begin. 
5 Another example are ribozymes which have a redundant sequence 

which renders the ribozyme inactive and it thus needs to be either cleaved 
or spliced-out for the ribozyme's activation. Further example are ribozymes 
which require sequence rearrangement or addition of specific groups for 
activation. Yet another example arc ribozymes which require reverse exon 

10 splicing, i.e. addition of a sequence internal to the ribozyme. 

One species of ribozymes when in the active form, may activate 
inactive ribozymes of the second species and vice versa, as it possesses the 
catalytic properties (ligation, cleavage, splicing, rearrangement, etc.) required ' 
to modify the other species of ribozyme from an inactive to an active form. 

15 The two ribozymes may potentially possess the same type of catalytic 
activity (e.g. both are ligating rizoymes or both cleaving ribozymes, etc.) or 
may possess different types of catalytic activities. 

One or both species of the a priori inactive ribozymes is activated 
by a catalytically active initiation ribozyme. Prior to introduction of the 

20 initiation ribozyme to the medium, the catalytic system is essentially silent 
as no catalytic activity takes place. In the presence of such an initiation 
ribozyme, a ribozyme amplification cascade begins since each active 
ribozyme generates in turn more active ribozymes in a positive feedback 
manner. Active ribozymes give rise to a signal which can be detected in a 

25 manner as described hereinbelow and such a signal is indicative to the 
presence of the original catalytically active initiation ribozyme in the 
medium. 

The catalytic system in accordance with another embodiment for 
carrying out the invention comprises two species of composite molecules, 
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each comprising a ribozyme linked to a cleavable nucleic acid sequence. 
The ribozyme in one species of composite molecules is capable of cleaving 
the nucleic acid sequence in the other species of composite molecules so that 
cross-cleavage between the two species of composite molecules is, in 
5 principle, possible, while self-cleavage is avoided. However, prior to 
introduction of the initiation ribozyme to the medium, cross-cleavage does 
not result since the two species of composite molecules are constructed so 
as to prevent mutual interaction between them, while cleaved ribozymes are 
able to interact with other composite molecules in the test vessel and further 
10 release ribozymes to the medium in a positive feedback manner. 

Prevention of mutual interaction can be done, for example, by 
immobilizing each species of composite molecules to opposite sides of the 
test vessels; by linking each species of the composite molecule to different 
beads or different colloid particles having properties, e.g. size or other 
15 properties, e.g. the same electric charge (which repels the beads from one 
another) which prevents any kind of interaction between molecules attached 
to one with molecules attached to another; by linking the composite 
molecules to moieties having the same electric charge, so that the electrical 
rejection between said moieties will prevent any interaction between the two 
composite molecules; by placing each species of composite molecules at 
opposite sides of a porous membrane which does not allow permeation 
therethrough of the full composite molecule, but allows free passage of 
cleaved ribozyme. 

Acatalytically active initiation ribozyme, either present in the test 
medium a priori, or produced as a result of the presence of another 
biomolecule in a biological sample (such a ribozyme being in this case) ("a 
reporter ribozyme") is able to cleave a specific nucleic acid present in one 
or both species of composite molecules thus freeing the ribozymes of the 
catalytic system. The cleaved ribozymes are able to interact freely in the 
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reaction vessel with the ribozymes from the other species of composite 
molecules, which in turn, can again cleave the ribozymes from the first 
species of composite molecules, thus creating a "ping-pong" cross-cleavage 
of ribozymes. Such cross-cleavage of ribozymes acts in a positive feedback 
5 manner, causing substantial amplification of the reaction. Either or both 
species of ribozymes typically bears detectable labels. The detection of 
cleaved labels, indicates the presence of the catalytically active initiation 
ribozyme in the reaction mixture. Where the initiation ribozyme is a 
reporter ribozyme, detection of a free label indicates the presence of an 
10 assayed biomolecule in the reaction mixture. 

The catalytic system may comprise, in accordance with other 
embodiment, only one species of inactive ribozymes or one species of 
composite molecules comprising a ribozyme and a nucleic acid sequence 
cleaved by the ribozyme when converted into a free or active form. ^In an 
15 analogous manner to that described above for the said one embodiment, each 
single molecule of the ribozyme is inactive until the catalytically active 
initiation ribozyme is introduced to the medium: for example, each inactive 
molecule is in the form of a closed-circle which may be opened by cleavage 
or splicing-out of a stretch of nucleotides, by a catalytically active initiation 
20 ribozyme. Activated (open) ribozymes then open and activate other such 
closed-circle molecules of the catalytic system. 

In an analogous manner to that described above for the said 
another above second embodiment, each single species of the composite 
molecule may comprise a ribozyme positioned in an orientation which 
25 prevents self-cleavage of the adjacent cleavable nucleic acid sequence, for 
example, by placing the sequence immediately adjacent to the ribozyme. 
The fact that there are no intervening sequences between the ribozyme and 
the cleavable sequence stcarically inhibits the cis cleavage. (The cleavable 
sequence may also have an inversed orientation, and cis cleavage will thus 
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not be possible). However, released ribozymc may approach the nucleic 
acid sequence in a correct orientation, and cleave it, thereby releasing more 
ribozymes to the medium. In order to prevent spontaneous trans cleavage 
of non-released ribozymes, it is possible to ensure spatial separation 
5 similarly as indicated above. 

Detection of the presence of activated ribozymes in the catalytic 
system may take various forms depending on the type of catalytic activity 
of the ribozyme. Where, for example, the activity is cleavage or spliced out, 
a label may be linked to the part to be cleaved or spliced out and detection 

10 of such freed label is then an indication of the presence of the catalytically 
active initiation ribozymc in the medium. 

In some cases the activation of the ribozyme brings to a change 
in the distance between two regions of the ribozyme, such as where two 
distant regions are brought together by ligation or rearrangement, by splicing 

15 out of an interfering region, or wherein two initially adjacent regions are 
separated for example by opening of a closed circle. In such case it is 
possible to attach a fluorescent marker on one region of the ribozyme and 
a moiety, such as Rodamine which quenches the light emission from the 
fluroescent marker on the other region of the ribozyme. Rodamine has a 

20 quenching effect on the light emission of a fluorescent label when the two 
are adjacent and no such effect when the two are separated. By monitoring 
the change in light emission of the fluorescent label, it is possible to 
determine whether the two regions are adjacent (for example in the case of 
a closed-circle inactive ribozyme) or separated (when the ribozyme has been 

25 opened and activated). 

The label may also be carried on a substrate which is not 
associated with the ribozyme and on which the catalytically active ribozyme 
may exert its catalytic activity. For example, the label may be carried on 
a nucleic acid sequence, which is cleaved or spliced-out as a result of a 
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ribozyme's activity, whereby the label is released to the medium. The 
detection will in such a case be based on the presence of a free label in the 
medium. 

The "ping-pong" cross activation, whether by cross-cleavage, 
5 cross-ligation, cross-splicing, cross rearrangement or alternating cycles of 
various catalytic actions, substantially amplifies the reaction resulting in a 
signal that indicating in a short time whether the initiation catalytically 
active ribozyme was present in the medium. While prior art amplification- 
detection methods such as PCR or LCR require several hours to be 
10 complete, the amplification-detection method of the invention is completed 
in a much shorter time period. 

Where the catalytically active initiation ribozyme serves as a 
reporter ribozyme for the presence of other biomolecules, a detection system 
is required in which a catalytically active initiation ribozyme is generated 
15 only in the presence of the assayed biomolecule. This may be performed in 
one of the following embodiments, referred to herein as the "activation 
embodiment", the "transcription embodiment", the "asembly embodi- 
ment", and the "completion embodiment". 

According to the activation embodiment, the initiation (reporter) 
20 ribozyme is a priori inactive. This inactivity may be a result of the absence 
of magnesium ions, which are required for the ribzoyme's catalytic activity, 
from the medium; it may be a result of the presence of an inhibitory moiety 
in the medium; it may be a result of the presence in the medium of an 
oligonucleotide which hybridizes to sequence which is to be cleaved to 
25 either activate or free the ribozyme into the system, which cleavage is not 
possible as long as the sequence is doublc-strandcd; etc. According to this 
embodiment, the ribozyme is linked to a recognition biomolecule which is 
capable of specifically recognizing and binding to the biomolecule which is 
to be assayed in the sample. For example, where the assayed biomoleucle 
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is an oligonucleotide sequence, the recognition biomolecule is the comple- 
mentary sequence; where the assayed biomolecule is an enzyme, the 
recognition biomolecule may be a substrate; where the assayed biomolecule 
is an antigen, the recognition biomolecule may be an antibody which 
5 specifically interacts with the antigen; etc. 

The ribozyme linked to the recognition molecule is then allowed 
to interact with the assayed biomolecules, and unbound ribozymes are then 
separated and washed away. Such separation can be carried out, on the 
basis of size difference between the complex of bound ribozymes and 

10 assayed biomolecules and that of free ribozymes; by, a priori, immobilizing 
the assayed biomolecules and then washing away free molecules of 
ribozymes; etc. After said separation, conditions are changed so as to 
activate the ribozyme, for example, by addition of lacking magnesium ions; 
by modifying or removing the inhibitory moiety to stop its inhibitory 

15 activity; by melting the double-stranded non-cleavable sequence to a single 
stranded cleavable sequence; etc. Only if the assayed biomolecule is 
present, ribozymes which are bound thereto are retained, and only these 
retained ribozymes are activated by an appropriate change of conditions. 

The transcription embodiment of the invention can be utilized 

20 where the assayed biomolecule is a nucleic acid sequence. The detection 
phase of this embodiment can be carried out generally as described in Israel 
Patent Applications Nos. 105894 and 111857 (and their counterpart PCT 

Applications Nos. WO 94/29481 and ) with the "triggering 

oligonucleitide" being said initiation ribozyme. The detection system of 

25 this embodiment comprises two oligonucleotide molecules, the first 
comprising a sequence complementary to the 5'- part of the assayed nucleic 
acid sequence and the second comprising a sequence complementary to the 
3'- part of the assayed nucleic acid sequence. The first oligonucleotide 
molecule comprises upstream from the sequence complementary to the 
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assayed biomolecule, a functional promoter, a sequence that codes for an 
initiation ribozyme sequence and a sequence that is capable of being cleaved 
by said detecting ribozyme (also essentially a DNA sequence). The second 
oligonucleotide molecule comprises, downstream from the complementary 
5 3'- part of the assayed sequence, a triggering oligonucleotide template, the 
transcriptional product of which is capable of triggering transcription of 
sequences of initiation ribozymes as will be explained in detail hereinafter. 

If the assayed biomolecule is not present in the test sample, then 
the triggering oligonucleotide sequence is not transcribed, since only 

10 presence of the assayed biomolecule brings together the two molecules 
required to produce the appropriate template of said triggering oligonucleo- 
tide sequence: namely the first oligonucleotide molecule carrying the 
functional promotor and the second oligonucleotide molecule carrying the 
triggering oligonucleotide template. If the assayed biomolecules are present, 

15 and in the presence of transcription system, the triggering sequence is 
produced and in turn is able to bring about production of transcripts 
containing initiation ribozyme linked to a sequence capable of being cleaved 
thereby. After self-clcavagc, these transcripts release to the medium 
catalytically active initiation ribozyme. 

20 According to the assembly embodiment of the invention, also 

appropriate in cases where the assayed biomolecule is a nucleic acid 
sequence, the detection system comprises a third oligonucleotide, comprising 
a sequence complementary to the 5'- portion of the assayed nucleic acid 
sequence, and a fourther oligonucleotide comprising a sequence complemen- 

25 tary to the remaining, 3'- portion of the assayed nucleic acid sequence. 
Each of these oligonucleotides comprises also one portion (for example, 
half) of a ribozyme and both parts together constitute a full, functionally 
active ribozyme. In accordance with this embodiment, the function of the 
assayed nucleic acid sequence is to bring these two oligonucleotides 
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together, thus yielding a functionally active initiation ribozyme. Thus, in the 
presence of an assayed nucleic acid sequence in the sample, the functional 
initiation ribozyme will be generated which could then be detected in the 
catalytic system of the invention. 

5 In accordance with the completion embodiment of the invention, 

the detection system comprises a seventh oligonucleotide and the assayed 
sequence, complexes with the seventh oligonucleotide to yield a catalytically 
active initiation ribozyme. For example, the assayed sequence may form 
part of the catalytic core of the ribozyme. Thus, in accordance with this 

0 embodiment, the ribozyme is a priori incomplete, and only in the presence 
of the assayed sequence it becomes a complete, catalytically active ribozyme 
which may then be detected in the catalytic system. 

The assayed sequence may complete the ribozyme by hybridizing 
at its 3'-end to a sequence on one side of the ribozymc's missing portion, 

5 and by hybridizing at its 5 '-end to a sequence on the other side of the 
ribozyme's missing portion, thus bridging the missing portion and creating 
a functional initiation ribozyme. 

The assayed sequence may also be able to complete the 
ribozyme's missing portion by "reverse exon splicing", wherein the assayed 

10 sequence is inserted into the ribozyme through suitable cleavage and ligation 
reactions. Said "reverse exon splicing" may be carried out by other 
ribozymes present in the medium. 

In order to decrease the "noise" level of the method of the 
invention and decrease false positive results, it is possible to combine two 

15 or more embodiments of the invention to doubly ensure that no catalytically 
active initiation ribozymes are produced in the absence of assayed 
biomolecules. For example, it is possible to combine the assembly and 
activation embodiments of the invention, whereby catalytically active 
ribozymes will be generated only as a result of two accumulative conditions: 
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assembly of a full ribozyme from its two parts in a magnesium-less mixture, 
and after washing away free incomplete ribozymes, activating of the full 
ribozyme by addition of magnesium ions. 

The ribozymes used in most embodiments of the detection system 
5 of the invention are in most cases universal, i.e. the same ribozyme can be 
used to detect different assayed biomolecules since the specificity is acquired 
by the attached recognition biomolecule (in the activation embodiment), or 
by the first and second oligonucleotide molecules (in the transcription 
embodiment) or by third and fourth oligonucleotide sequences (in the 
10 assembly embodiment). The fifth oligonucleotide in the case of the 
completion embodiment of the invention has to be tailor made for each 
specific nucleic acid to be assayed, since the sequence recognizing the 
assayed sequence is part of the ribozyme itself. 

The present invention also provides reagents required for carrying 
15 out the above method as well as a kit comprising said reagents. 

In the following the invention will be described with reference to 
some non-limiting drawings and examples: 

In the drawings various symbols are used which in the context of 
the present invention have the following meanings: 



20 

Straight line ( ) - DNA strand 

Wavy line ( ) - RNA strand 

A,B>C, etc. - sequences in the coding strand of a 

DNA 

25 A',B',C, etc. - sequences in the complementary 

non-coding DNA strand 
a,b,c, etc. - RNA sequences 

a',b'c\ etc. - RNA sequences complementary to 

a,b,c 
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immobilization on a solid support 
* detectable label 

inhibitory moiety. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 shows an embodiment of the catalytic system of the invention 
comprising two species of composite molecules activated by cross-cleavage; 

Fig. 2(a) and 2(b) show a catalytic system in accordance with an 
embodiment of the invention comprising one species of composite molecule 
10 activated by cross-cleavage or cross-splicing: wherein the ribozyme is in 
the form of a closed circle (Fig. 2(a)); wherein the ribozyme requires 
splicing for becoming active (Fig. 2(b)); 

Fig. 3 shows various manners in which composite molecules can be 
separated from one another: by immobilization to distinct sites of the 
15 reaction vessel (3A); by linkage to large beads (3B); by linkage to charged 
moieties (3C); and by placing each species of composite molecules at 
opposite sides of a porous membrane; 

Fig. 4 shows an example of the detection system according to the 
activation embodiment of the invention wherein the ribozyme is activated 
20 by addition of magnesium ions; 

Fig. 5 shows another example of the detection system according to 
the activation embodiment of the invention wherein the ribozyme is 
activated by modification of an inhibitory moiety; 

Fig. 6 shows a detection system in accordance with the transcription 
25 embodiment of the invention; 

Fig. 7(a) and 7(b) show a detection system in accordance with the 
assembly embodiment of the invention; where the recognition sequence of 
the ribozyme hybridize to the assayed nucleic acid sequence (Fig. 7(a)); or 
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where the opened stemp-11 of the ribozyme hybridizes with the assayed 
sequence (Fig. (b)); 

Fig. 8 shows an example of the catalytic system of the invention 
comprising two species of ribozymes activated by cross-ligation; 
5 Fig. 9 shows yet another example of the detection system according 

to the activation embodiment of the invention wherein the ribozyme is 
activated by rendering the cleavable sequence single stranded. 

Fig. 10 shows the cleavage results of a detection system comprising 
the stem-II open ribozyme of Fig. 7(b); 
10 Fig. 11 shows the cleavage results of a catalytic system comprising 

the closed-circle composite molecule of Fig. 2(b); and 

Fig. 12 shows the cleavage results of ribozyme in the presence of 
untreated blood and denaturing agents. 

15 DESCRIPTION OF SPECIFIC EMBODIMENTS 
Catalytic system 

Reference is first made to Fig. 1 showing one manner of 
constructing the catalytic system of the invention. The catalytic system 
comprises two species of composite molecules 10 and 11. Composite 

20 molecule 10 comprises one type of labelled ribozyme which will be denoted 
ribozyme A (12) linked to an RNA sequence denoted b (13). Composite 
molecule 11 comprises another type of labelled ribozyme which will be 
denoted ribozyme B (14) and an RNA sequence a (15). Ribozyme B in 
molecule 11 is capable of cleaving sequence b in molecule 10 and 

25 ribozyme A in molecule 10 is capable of cleaving sequence a in mole- 
cule 11. Initially molecules 10 and 11 are not able to interact since each is 
immobilized to a distinct site of the reaction vessel. Initiation ribozyme 16 
is also capable of cleaving sequence b in molecule 10. 
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If initiation ribozyme is present in the reaction mixture then 
sequence b is cleaved releasing free ribozyme A (12) to the reaction 
mixture. Free ribozyme A (12) is able to diffuse within the reaction vessel 
to cleave molecule 11, thus releasing to the reaction mixture free 
5 ribozyme B (14). Free ribozyme B (14) is again able to migrate through the 
reaction vessel to cleave molecule 10 to release again free ribozyme A (12) 
and the cycle is repeated again and again in a positive-feedback manner. 
Since both ribozyme A and B are labelled, detection of either or both in the 
supernatant indicates the presence of initiation ribozyme 16 in the reaction 
10 mixture. 

The following is an example of molecule 10 comprising a 
ribozyme 12 of the type hammerhead linked to sequence 13 which is then 
labelled at 3'-end by biotin: (Capital letters: 2'-0-methylated; small 
letters: RNA) 

15 

5'CCA cugauga gGCC GAAA GGCc gaa acGUguc CGU AAA- 

The following is an example of molecule 11 comprising 
another ribozyme 14 of the type hammerhead which is capable of cleaving 
20 seqeuence 13 present in molecule 10. Ribozyme 14 is linked to sequence 
15 capable of being cleaved by ribozyme 12 of molecule which is then 
labelled at its 3'-end by biotin: (Capital letters: 2'-0-methylated; small 
letters: RNA) 

25 5'-GAG ACG cugauga gGCC GAAA GGCc gaa acAC guc UGG AAA 

Although ribozymes A and B are referred to as different 
ribozymes and sequences a and b are referred to as different sequences, both 
the ribozymes and sequences may be actually identical. In such a case self- 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



- 31 - 



PCT/US96/02380 



cleavage in each molecule 10 or 11 is avoided by linking the ribozyme to 
its attached sequence in such a proximity which does not enable cleavage in 
cis, while free ribozymes are able to cleave composite molecules in trans. 
This can be done by linking the ribozyme immediately adjacent to its 
5 potentially cleavable sequence. This is because the ribozyme should be 
spaced from its potentially cleavable sequence by several nuclctoidcs for 
efficient cleavage to take place. Therefore, when the ribozyme in the 
composite molecule is linked directly with no spacing to the cleavable 
sequence, there is no possibility of cis cleaving and the sequences can be 

10 cleaved only in trans while enabling only cleavage in trans. 

Reference is now made to Fib. 2(a) which shows another 
alternative where only one species of composite molecules is present in the 
reaction vessel. The catalytic system comprises a single species of 
molecules 17', each comprising a ribozyme C (18') and a cleavable 

15 sequence c' (19'). The molecule 17' is in the form of a closed circle and 
thus ribozyme 18' is initially inactive. 

If catalytically active iniation ribozyme 16" is present in the 
media, it is able to cleave the sequence c' and open the ribozyme to become 
active. Open ribozyme 18' can in turn open, by cleavage, additional 

20 composite molecules 17' turning them active. Detection can be carried out 
by using a fluorescent label (F) and Rodamine (Rd). When the two are 
adjacent as in the closed molecule the light emission of the fluorescent label 
is quenched and when they are separated, as in the open molecule sequence, 
the light emission of the fluorescent label becomes stronger. 

25 Reference is now made to Fig. 2(b) which shows yet another 

alternative for the catalytic system comprising only a single species of 
composite molecule. Ribozyme 17" has in its core region an extra 
nucleotide sequence 18" which renders the ribozyme inactive. At the 
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terminal of the extra sequence is a blocking group 19 which does not allow 
spontaneous ligation of the open end. 

Initiation ribozyme 16 , which has the catalytic activity of 
splicing is capable of both cleaving out extra sequence 18 and blocking 
5 group 19 and then of ligating the free ends to give a functional ribozyme. 
Functional ribozyme is then capable of splicing other ribozymes in the 
reaction medium causing an amplification of the reaction. Detection 
according to one option (Option 1) is carried out essentially as described in 
Fig. 2(a), but in this case, initially the Rodamine (Rd) at the fluorescent 

10 group (F) are separated and only upon activation of the ribozyme they 
become adjacent, so that active ribozyme is detected by quenching of light 
emission. According to the second mode of detection (Option 2) the spliced 
out group comprising free extra sequence 18 and blocking group 19 
carries a detectable label. 

15 The advantages of the mode of Fig. 2(b) resides in a very low 

"noise" level since in order for an inactive ribozyme to become spontane- 
ously active (not in the presence of an initiation ribozyme) two spontaneous 
occurrences must happen spontaneous cleavage (at a probability of 10" 6 /min 
in 10 mM MgCl at physiological pH and at a temperature of 37°C) and 

20 spontaneous ligation (at a probability of 10 7 /min) giving a very low 
probability for spontaneous activation (10 13 /min). 

The label attached to either or both ribozymes A, B or C 
(Fig. 1) may be any detectable label known in the art such as a radioisotope, 
a fluorescent label, an enzyme which in the presence of a substrate is 

25 capable of producing a color reaction, etc. 

Fig. 3 shows various manners in which the two composite 
molecules 10 and 11 of the first embodiment are positioned so as to avoid 
mutual interaction but allow interaction between free ribozymes 12 and 14 
and composite molecules. It should be understood that the same principles 
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apply also to the other manner for constructing the catalytic system of the 
4 invention, i.e. where only one species of composite molecule is present, 
represented in Fig, 2. 

In Fig. 3(A) molecules 10 and 11 are immobilized onto distinct 
5 and separate sites of the reaction vessel 18 while ribozymes 12 and 14 
diffuse freely in the reaction mixture. 

Fig. 3(B) shows molecules 10 and 11 which are immobilized 
onto beads 19 the size of which prevents interaction between said molecules. 
However, free ribozyme 12 and 14 are able to diffuse freely in the reaction 
10 mixture and interact with the composite immobilized molecules. 

Fig. 3(C) shows another example of separating composite 
molecules wherein composite molecules 10 and 11 are attached to charged 
moieties bearing the same charge 37. The electrical rejection between their 
attached moieties eliminates the possibility of interaction between 
15 molecules 10 and 11. However, free ribozyme 12 and 14 which are 
essentially uncharged are able to interact with the composite molecule. 

Fig. 3(D) shows yet another example of separating the 
composite molecules 10 and 11 by placing them at opposite ends of a porous 
membrane 34 which serves as a sieve, blocking passage of large 
20 molecules 10 and 11 while allowing passage of the smaller free 
ribozymes 12 and 14. 

Another manner for ensuring that the two composite 
molecules 10 and 11 do not interact is by the use of blocker molecules 
which are complementary to a specific sequence rendering it double 
25 stranded. According to this manner, composite molecule 10 comprises a 
blocker molecule which renders the clcavable sequence b and part of the 
catalytic region of ribozyme A double stranded. In the partially double 
stranded composite molecule 10, the ribozyme is not active due to the fact 
that its catalytic region is double stranded. Composite molecule 11 is 
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blocked in a similar manner. If initiation ribozyme is present in the reaction 
mixture, it displaces a part of the blocker molecule present on the composite 
molecule 10, and then the initiation molecule is able to cleave sequence b. 
Once sequence b is cleaved ribozyme A is also rendered active since the 
5 partially displaced blocker molecule completely falls off composite 
molecule 10 turning its catalytic region to become single stranded and 
active. Active ribozyme A then displaces the blocker molecule of composite 
molecule 11 in a similar manner as described above cleaving the cleavable 
sequence a, turning Ribozyme B single stranded and active. Ribozyme B 

10 then activates composite molecule 10 in a similar manner to the activation 
of the initiation ribozyme described above, and cross activation of the two 
composite molecules can then proceed. 

Reference is now made to Fig. 8 which shows another 
alternative for constructing the catalytic system of the invention. The 

15 catalytic system comprises two species of ribozymes 80 and 81 which are 
active when fully assembled but are inactive when separated to their parts 
80a, 80b and 81a, 81b, respectively. Full ribozyme 80 is capable of ligating 
ribozyme parts 81a and 81b to produce a full and active ribozyme 81. Full 
ribozyme 81 is capable of ligating ribozyme parts 80a and 80b to produce 

20 a full and active ribozyme 80, so that cross-activation proceeds by cross- 
ligation. 

Initiation ribozyme 86 or 86' is capable of creating a full and 
active ribozyme 80 either by cleaving a full but immobilized ribozyme from 
a location wherein it is spatially separated from ribozyme parts 81a and 81b, 
25 for example, in one of the manners specified in Fig. 3 (Fig. 8 top left) or by 
being able to ligate parts 80a and 80b to form the full and active 
ribozyme 80 (Fig. 8 top right). 
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DETECTION SYSTEM 

Where the method of the invention is to be used to aid in. the 
detection of biomolecules other than ribozymes, the invention includes also 
a detection system capable of producing catalytically active initiation 
5 ribozyme only in the presence of the assayed molecule. 

Fig. 4 shows one example of the activation embodiment of the 
invention. In this example, the assayed biomolcculc is an immobilized 
nucleic acid sequence A (41) for example a DNA sequence. Immobilization 
can be carried out in accordance with any method known in the art, for 

10 example, with the aid of a cross-linking agent or by trapping the assayed 
nucleic acid molecule between two porous membranes which permit passage 
of smaller molecules. Where the assayed biomolecule is a protein it can be 
immobilized onto beads carrying appropriate trapping agents, such as 
suitable immobilized antibodies, directed against regions which are not 

15 required for detection, etc. Alternatively, the assayed biomolecule can be 
immobilized onto a nitrocellulose sheet and another protein, such as 
albumin, should then be applied onto the nitrocellulose sheet in order to 
saturate all the sheets' vacant locations and avoid, in the next step, non- 
specific absorption. 

20 The detection system also comprises first complex molecule 42 

comprising ribozyme 43, linked to cleavable sequence c' (44) capable of 
being cleaved by active ribozyme, and further comprises sequence a' (45) 
complementary to the assayed sequence A (41). Ribozyme 43 does not 
self-cleave since molecule 42 is kept in magnesium-less reaction mixture 

25 which eliminates the ribozymes catalytic activity. This can be done, for 
example, by keeping complex molecule 42 in a magnesium-less EDTA- 
containing reaction mixture. 
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An example of ribozyme 43 linked to the cleavage sequence 
c' (44) of the type hammerhead (Capital letter: 2'-0-methylated; small 
letters: RNA; over- and underlined: DNA) 

5 5 ' - GCAACAGTGG AGGAAAGCC UACguc UGG UACGU CCA cugauga 
gGCC GAAA GGCc gaa acGUAGU AAA 

Molecules 41 and 42 are allowed to hybridize to give 
immobilized hybrid 46. Free molecules 42 are washed away, and to the 

10 immobilized hybrid 46 are added magnesium ions in a concentration 
sufficient to activate ribozymes. In the presence of such a concentration of 
magnesium ion ribozyme 43 is able to cleave sequence c', thus releasing 
itself to the reaction mixture while leaving immobilized cleaved hybrid 47. 
Free and catalytically active ribozyme 43 can serve as the initiation 

15 ribozyme in the catalytic system. 

Fig. 5 shows another example of the activation embodiment of 
the invention. Assayed biomolecule 51, which comprises nucleic acid 
sequence A, for example a DNA sequence is immobilized as described 
above. The detection system comprises a second complex molecule 52 

20 comprising ribozyme 53 linked to sequence c' (54) which can be cleaved 
by catalytically active ribozyme and sequence a' (55) complementary to 
sequence A in the assayed biomolecule. The complex molecule also 
comprises an inhibitory moiety 58 which, while present in its unmodified 
form, inhibits the catalytic activity of ribozyme 53. An example of an 

25 inhibitory molecule is a nucleic acid sequence complementary to part of the 
ribozyme. In the presence of such a sequence, the ribozyme folds to an 
inactive three-dimensional form. 

Molecules 51 and 52 are allowed to hybridize to give 
immobilized hybrid 56, and free molecules 52 are washed away. To 

30 separate hybrid 56 are added modifying substances which are able to interact 
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with the inhibitory moiety 58 and modify it to an un-inhibiting form. For 
example, where the inhibitory moiety is a nucleic acid sequence which 
causes folding of the ribozyme, the modifying substance may be a sequence 
complementary to the inhibitory moiety, which hybridizes and blocks the 
5 inhibitory moiety, thus allowing the ribozyme to refold to its active form. 
Alternatively, the modifying substances may be substances able to remove 
or cleave the inhibitory moiety, thus terminating its inhibitory action. 
Active ribozyme is then able to cleave sequence c , thus releasing itself 
from immobilized cleaved hybrid 57. Catalytically active free ribozyme 53 

10 then serves as the initiation ribozyme in the catalytic system. 

Reference is now made to Fig. 9 which shows another example 
of the activation embodiment of the invention. Molecule 91 comprises the 
sequence of the initiation ribozyme 90, attached to sequence c, cleavable by 
the ribozyme, and to sequence a and b which are capable of hybridizing 

15 with the assayed biomolecule being, for example the assayed DNA sequence 
of molecule 94. Molecule 91 further comprises blocker DNA sequence 92 
which comprises sequence B and C, capable of hybridizing to sequences b 
and c of molecule 91, respectively, to give a double-stranded structure. 
Blocker DNA sequence 92 is linked via linker sequence 93. The 

20 ribozyme 90 is not capable of cleaving sequence c since its sequence region 
is double stranded (through hybridization to blocker sequence 92). 

The assayed molecule 94 is then introduced to the reaction 
mixture. If the assayed biomolecule is complementary to a and b of 
molecule 91, then blocker sequence 92 is displaced by the assayed mole- 

25 cule 94 to give hybrid molecule 95. In hybrid molecule 95, the cleavable 
sequence c is single stranded enabling the ribozyme to cleave it and thus to 
be freed to the reaction mixture as a catalytically active ribozyme 96 which 
serves as the initiation ribozyme in the catalytic system. 
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According to this embodiment conditions such as temperature, 
the length of the part of the recognition biomolecule b which is double 
stranded, etc. must be chosen with care so that the assayed molecule is able 
to displace blocker molecule 92 essentially only if the assayed biomolecule 
5 sequences A and B are perfectly matched to recognition sequences a and b. 

Reference is now made to Fig. 6 which shows the transcription 
embodiment of the detection system of the invention appropriate where the 
biomolecule is a nucleic acid sequence. According to this specific 
embodiment a correct DNA template, which eventually brings to the 

10 transcription of initiation ribozyme, is assembled from its parts only in the 
presence of the assayed nucleic acid sequence. The detection system 
comprises a first oligonucleotide molecule 61, being essentially DNA, 
comprising from 3'-o'; a double-stranded promotor, a sequence R coding 
for the complementary sequence of the initiation ribozyme, a sequence C 

15 coding for a sequence cleavablc by a catalytically active ribozyme, and a 
sequence D t complementary to the 5 '-part of the assayed nucleic acid 
sequence. The detection system further comprises second oligonucleotide 
molecule 62, being essentially DNA comprising from 3'— o': a sequence D 2 
complementary to the 3 '-part of the assayed nucleic acid sequence and a 

20 triggering oligonucleotide template (TRIG). If assayed nucleic acid se- 
quence 63 is present, and under appropriate hybridization conditions, 
sequence D, of molecule 61 and sequence D 2 of molecule 62 hybridize with 
sequences D,' and D 2 ', respectively, of the assayed nucleic acid sequence 
to give hybrid 64. 

25 In the presence of transcription system non-template strand 

oligonucleotide 65 is produced, comprising from 3'-o': triggering 
oligonucleotide sequence trig, d 2 ' and d/ sequences, sequences c' r', 
complementary with those of the clcavable nucleic acid sequences and the 
initiation ribozyme, respectively. 
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To the reaction mixture are added molecules of back promotor 
construct 66 comprising a single-stranded DNA promoter linked to a 
sequence capable of hybridizing with the oligonucleotide triggering sequence 
TRIG. Under appropriate conditions the back promotor construct 66 
5 hybridizes with molecule 65 to give hybrid 67. In the presence of a DNA 
polymerase the single-stranded promotor is completed to give a functional 
double-stranded promotor in hybrid 68. 

Hybrid 68 can serve, in the presence of transcription reagents, 
as a template for the production of final oligonucleotide transcript 69 
10 comprising from at its 5 '-end: an initiation ribozyme sequence r and a 
cleavable sequence c capable of being cleaved by said ribozyme. 

The ribozyme r cleaves cleavable sequence c thus releasing 
itself to the surrounding medium in the form of free ribozyme 70. Free 
ribozyme 70 can serve as the catalytically active initiation ribozyme in the 
15 catalytic system. 

One mode of the assembly embodiment of the invention is 
shown in Fig. 7(a). The detection system comprises assayed 
biomolecule 71, comprising a nucleic acid sequence A x A 2 . In addition, the 
detection system comprises a part of a ribozyme 72, comprising oligonu- 
cleotide sequence a', complementary to sequence A! and another part of a 
ribozyme 73 comprising oligonucleotide sequence a 2 ' complementary to 
sequence A 2 . The parts of ribozyme 72 and 73 together constitute a 
complete ribozyme if the two parts are assembled. 

If assayed molecule 71 is present in the medium, it can 
hybridize to B t of ribozyme part - 72 and a 2 of ribozyme - part 73 bringing 
the two parts together to form functional ribozymc-assayed sequence hybrid 
76, which may serve as an initiation ribozyme in a catalytic system, for 
example, by cleaving molecule 77, which cleavage may be required to 
initiate the amplification cascade in the catalytic system. 
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Another mode of the assembly mode of the invention is shown 

in Fig. 7(b). 

Ribozyme 79 of the hammer-head type has been constructed 
in which Stem-II has been shortened to have only one complementary 
5 nucleotide (represented by one line in the Fig. 2b) and the remaining portion 
of the stem have been opened to give arms a and b. Ribozyme 79 is 
capable of hybridizing with sequence 70 to form Stems I and III and then 
perform the catalytic activity, for example, cleavage of sequence 70. 
However, a priori ribozyme 79 is incapable of cleaving the cleavable 

10 sequence 70 since its Stem-II is open and inactive. Arms a and b of the 
opened core have been constructed to be complementary to sequences A 
and B of the assayed sequence, for example, DNA sequence 80. 

In the presence of assayed DNA sequence 80, the arms a and b 
of the stem-II ribozyme 79 are hybridized to the assayed sequence to 

15 produce a fully double-stranded Stem-II and thus the ribozyme becomes 
catalytically active and can serve as an initiation ribozyme in a catalytic 
system where, for example, cleavable sequence 70 is part of an enzyme in 
the catalytic system which requires cleavage for its activation. 

20 EXAMPLES 

Example 1: Detection of an assayed nucleic acid sequence using a 
ribozyme with an open stem- 1 1 

Ribozyme HH8 was dissected into two parts at the loop of 
25 stemp-II. Each of the two ribozyme halves of HH8 (HH8-3 and HH8 5) 
has a different additional 17 bases tail sequence complementary to the 
LAMTAR0 DNA target molecule. In the presence of the target, the two 
halves are brought together and form an active ribozyme. In the LAMTAR0 
target the two sequences complementary to the ribozyme halves are 
30 continuous. In the other LAMTAR molecules (LAMTAR1 through 
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LAMTAR4) the two sequences are separated by 1 to 4 non-complementary 
bases respectively. The ribozyme substrate is SB8-24 which contains the 
sequence recognized by HH8. 



5 (a) Method: 

1. Sequences: 

Oligodeoxyribonucleotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
10 for all RNA synthesis (a 32 P) UTP [3000Ci/mmol] was purchased from 
Rotem Industries Ltd., Israel. 
DNA targets: 

LAMTARO: 

5'GCTCCG AGTCCACC TGCAC GCCGACCAGT GCCGTGTTCGGGA 3' 
15 LAMTARl: 

S'GCTCCGAGTCCACCTGCACGCrCGACCAG TGCCGTGTT CGGGA 3' 
LAMTAR2: 

S'GCTC CGAGTCCACC TGCACGCIT CGACCAGTGCCGTGTTC GGGA 3' 
LAMTAR3: 

20 S ' GCTC CG AGTCC ACCTGCACGC F AT CG ACCAGTGCCGTGTTC GGG A 3' 

LAMTAR4: 

S^GCTC CGAGTCCACCTGCACGC rATA CGACCAGTGCCGTGTTC GGGA 3' ? 
UndcrHncd-complcmenlary to ribozyme half; 
Bold-non-complcmcnlary additional sequence. 

25 

RNA transcripts: 

SB-24 (substrate for HH8): 
5'GGUCACAAUGUCGGUCGAGUUCCA 3' 
30 HH8-3 (ribozyme half): 

5'GGCGACCCUGAUGAGGCC GCGUGCAGGUGGACUCG 3' 
HH8-5 (ribozyme half): 

5'G GAACACGGCACUGGUCG GGCCGAAACAUIJAA y 
Underlincd -complcmcntary to target. 

35 

2. Preparation of RNA: 

DNA oligonucleotides were synthesized according to (1) above. 
The oligonucleotides were purified by electrophoresis on 15% polyacryl- 
amide 7M urea gel, UV-shadowcd and clutcd overnight at room temperature 
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in 0.5M Tris-Cl (pH-7.0), 0.1% SDS and 0.1 mM EDTA. Elutcd DNA 
was precipitated with 0.1 volumes of 3M sodium acetate and 3 volumes of 
ethanol, resuspended in 1 mM Tris-CI (pH-7.0) and 0.1 mM EDTA and 
stored at -20°C until use. Purified oligonucleotides were annealed to 
5 complementary non-template T7 RNA polymerase promoter oligonucleotide 
(TAA TAC GAC TCA CTA TAG G) in 20 mM each by incubating at 95°C 
for 15 seconds and at 70"C, 60°C, 55°C, 50°C, 45°C, 40°C and 37°C for 
5 min at each temperature. Transcription reaction mixture (50 ml) contained 
2 mg of annealed DNA, IX reaction buffer, 10 mM Dithiothreitol, 2 mM 

10 ATP, CTP and GTP ; 1 mM UTP, 25 mCi [a 32 P] UTP and 1.1 mM MgCl 2 . 
The mixture was incubated for 1 hr at 37°C and then for 5 minutes at 80°C 
to deactivate the enzyme. The RNA was precipitated as described. 
Transcripts were purified by electrophoresis on 15% poly aery lamide 7 M 
urea gel. RNA was located by autoradiography and eluted as described. 

15 Eluted RNA was precipitated as described, resuspended in 0.1X TE and 
counted in scintillation flour (Luma LSC). 



20 of 0.5 pmol ribozyme, 50 mM Tris-Cl (ph-7.5), 1 mM EDTA (pH-7.5), 
0.05% SDS and 30 mM MgCl 2 . The reactions were preincubated at 95°C 
for 1 min in order to eliminate alternative RNA conformations which may 
have formed during storage at -20°C. The reactions were incubated at 37°C 
for 1 hour and stopped by adding a dye solution containing 10 M urea and 

25 10 mM EDTA and put on ice. The samples were denatured at 80°C for 5 
min and run on 15% polyacrylamidc 7 M urea gel. 



3. 



Cleavage reaction: 

Reactions (10 ml) were normally carried out in the presence 
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(b) Results: 

The results of the polyacrylamide gel are shown in Fig. 10. 
Ribozyme without a target did not produce appreciable cleavage. When the 
target was added, enhanced cleavage resulted. The enhancement was 
5 greatest in LAMTAR4 Ribozymes tested. 

Example 2 Catalytic system comprised a closed-circle composite 
molecule 

1° The SLS-precursor ribozyme (Rz) is a circular Rz with 11 bp 

long stemp-Il. The two recognition arms are connected in tandem with an 
extra cleavage base separating them. Therefore this robozime has no 
activity, but serves as a template for active ribozymes. Once it has-been 
cleaved, the "open" ribozyme becomes active (as shown schematically in 

15 Fig. 2(b)). In order to initiate the catalytic system an initiation ribozyme 
must be present. Spontaneous cleavage of RNA occurs at a rate of 1 event 
per 10 6 molecules per minute in 30 mM MgCl 2 at 37°C. A circular 
ribozyme spontaneously cleaved at the cleavage site becomes active and is 
capable of serving as the trigger. 

20 

(a) Methods 

1. Sequences: 

Oligodcoxyribonuclcotidcs were synthesized on an Applied 
Biosystem 381 A DNA synthesizer according to the manufacturer's recom- 
25 mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
for all RNA synthesis [a 32 P| UTP [3000Ci/mmol] was purchased from 
Rotcm Industries Ltd., Israel. 

The RNA precursor (SLS's) sequences were: 5' GGU CAG 
CAG UCG AA [Recognition arm 1) X [Recognition arm III] CUG AUG 
30 AGA CUG CUG ACC A 3' 
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SLS code 


Recognition arm I 

Iklll mm mm m ill M\ 


R£Cft(7nifinn 5it*m ITT 


V<lgc olic 


107 


CGCG 


AAIJII 


A/T I 
A/ \J 


108 


CUAG 


A AI 11 1 


A/U 


ill 


T IAI I A 


AAUU 


A /IT 

A/U 


115 


UGCA 


AAUU 


A/U 


208 


CUAG 


ACGU 


A/U 


213 


UAUA 


ACGU 


U 


215 


UGCA 


ACGU 


A/U 


313 


UAUA 


AGCU 


A/U 



2. Preparation of RNA 

Preparation of RNA was conducted as described in Example 

1 above. 

15 

3. Spontaneous cleavage reaction: 

Reactions (10 /d) were normally carried out in the presence of 
5 pmol precursor ribozyme (SLS-transcripts), 50 mM Tris-Cl (pH-7.5), 1 
mM EDTA (pH-7.5), 0.05% SDS and 300 mM MgCl 2 . The reactions were 

20 preincubated at 95°C for 1 min in order to eliminate alternative RNA 
conformations which may have formed furing storage at -20°C. The 
reactions were incubated at 37°C for 1 hour or overnight and stopped by 
adding a dye solution containing 10 M urea and 10 mM EDTA and put on 
ice. The samples were denatured at 80°C for 5 min and run on 15% 

25 polyacrylamide 7 M urea gel. 

(b) Results 

The results of the polyacrylamide gel arc shown in Fig. 11. 
A panel of 8 different circular ribozymes was examined for cascade activity. 
30 The cascade was initiated, by spontaneous cleavage as described above. As 
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shown in Fig. 1, one of the ribozymcs (#313) demonstrated a functioning 
catalytic cascade resulting in amplification in a positive feedback manner. 

Example III Ribozyme inhibition by blood and various materials 

5 used for DNA preparation 

All amplification techniques require a sample preparation step 
to release nucleic acids and eliminate inhibition of the reactions by blood 
components. Several materials like SDS, phenol and guanidinium are used 
10 in these preparations. An amplification reaction without the need of a 
sample prep step is to be performed. Ribozyme activity in the presence of 
blood, with and without nucleic acid releasing agents, was tested. Both 
RNA-only and modified ribozymes were examined. 

15 (a) Method 

1 . Oligonucleotides: 

Oligodeoxyribonucleotidcs were purchased from the unit for 
molecular biology of the Haddassa Hospital, Mount Scopus, Jerusalem: The 
modified ribozyme was synthesized by RPI, Boulder, Co. The Amplis ? cribe 
20 T7 transcription kit (Epicenter Technologies) was used for all RNA 
synthesis. [ Y 32 PJ ATP [6()()0ci/mmol] and [c? 2 P] UTP [3000Ci/mmol] were 
purchased from Rotem Industries Ltd., Israel. T4 Polynucleotide kinase was 
purchased from NEB, Beverly, Ma. 

25 2. Ribozymes: 

DS-LS-RzA3-6: 5' GCAACAGTGGAGGAAAGCC UACgucUGGUACGUCCA 
cugaugagGCCGAAAGGCcgaaacGUAGUAAA 3' 
Lowercase- ribonucleotides; 
Uppercase- 2'-0-Mcthyl modification; 
30 Underlined upperca se- dcoxyriboiiuclcotidcs. 

HH8 (RNA transcript): 

5' GGCGACCCUGAUGAGGCCGAAAGGCCGAAACAUUAA 3'. 
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3. Labeling of modified ribozyme: 

50 pmoles of the ribozyme, 10 units of T4 Polynucleotide 
kinase and 20/iCi[y 32 P] ATP were incubated in IX reaction buffer in a total 
volume of 10 /d at 25°C for 1 hr. The reaction was terminated by 
5 incubation at 60°C for 10 minutes. 

4. Preparation of RNA: 

HH8 template DNA oligonucleotide was purified by electro- 
phoresis on 15% polyacrylamide 7 M urea gel, UV-shadowcd and eluted 

10 overnight at room temperature in 0.5 M Tris-Cl (pH-7.5), 0.1% SDS and 
0.1 mM EDTA. Eluted DNA was precipitated with 0.1 volume of 3 M 
sodium acetate and 3 volumes of ethanol, resuspendcd in 0.1 XTE (1 mM 
Tris-Cl pH-7.0 and 0.1 mM EDTA) and stored at -20°C until use. Purified 
oligonucleotide was annealed to complementary non-template T7 RNA 

15 polymerase promoter oligonucleotide (TAATACGACTCACTATAGG) in 
20 i*M each by incubating at 95°C for 15 seconds and at 70°C, 60°C, 55°C, 
50°C, 45°C, 40°C and 37°C for 5 min at each temperature. Transcription 
reaction mixture (50 /d) contained 2 fXts\ of annealed DNA, IX reaction 
buffer, 10 mM Dithiothreitol, 2 mM ATP, CTP and GTP, 1 mM UTP, 25 

20 mCi [a 32 P] UTP and 1.1 mM MgCU. The mixture was incubated for 1 hr 
at 37°C and then for 5 minutes at 80°C to deactivate the enzyme. The RNA 
was precipitated as described. Transcripts were purified by electrophoresis 
on 15% polyacrylamide 7 M urea gel. RNA was located by autoradiography 
and eluted as described. Eluted RNA was precipitated as described, 

25 resuspended in 0.1X TE and counted in scintillation flour (Luma LSC). 

5. Cleavage reaction: 

Reactions (10/d) were normally carried out in the presence of 
0.5 pmol modified ribozyme or HH8, 50 mM Tris-Cl (pH-7.5), 1 mD 
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EDTA (pH-7.5), 0.05% SDS and 30 mM MgCl 2 . 1 fA of whole blood or 
0.2 fA of whole blood and the additional component were added (See Fig. 
1). The reactions were incubated at 37°C for 1 hour and stopped by adding 
a dye solution containing 10 M urea and 10 mM EDTA and put on ice. The 
5 samples were denatured at 80°C for 5 min and run on 15% polyacrylamide 
7 M urea gel. 

(b) Results 

The results are shown in Fig. 12, wherein 0.5 pmol or 
10 ribozymes were present in each sample and 1 fA blood was mixed with 
either 10% SDS 4 M guanidine isocyanate or phenol chloroform 1:1, 1 fA 
of each treated blood sample or the agent alone was added to the reaction* 
test. The results of ribozyme activity is not inhibited by either 1% SDSj 
0.35 M guanidine or by 5% phcnolOchloroform whether blood is present or 
15 not. Untreated blood degrades the RNA part of the ribozymes. These 
results show one of the advantages of the ribozyme based detection method 
of the invention in that denaturating agents used in the preparation of the 
catalytic sample do not hinder catalytic activity of the ribizoyme. * 
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CLAIMS: 



1- A method for detecting the presence of a catalytically active 

initiation ribozyme in a medium, comprising the steps of: 
5 (a) providing a catalytic system comprising 

(aa) ribozymes which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
activity on their target; the target of the ribozymes being other 
ribozymes of the catalytic system, their catalytic activity on 

10 such other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow 
them to reach their targets; 

at least some of the ribozymes of the catalytic system being a target 
15 of the catalytic activity of the initiation ribozyme, the catalytic activity of 
the initiation ribozyme on said some of the ribozymes being that of (i) or 
(ii) above; and comprising 

(ab) a detectable label having detectable properties such that 
the catalytic activity of the ribozymes causes a change in the 

20 detectable properties; 

(b) contacting the medium with said catalytic system; 

(c) providing conditions permitting said catalytically active 
initiation ribozyme and catalytically active ribozymes of the catalytic system 
to exert their catalytic activity, whereby the presence of a catalytically active 

25 initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system arc activated or freed into the medium; and 

(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium. 
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2. A method according to Claim 1, comprising the steps of: 

(a) contacting the medium with a catalytic system comprising: 

- a first and a second ribozyme, both being, a priori, catalyt- 
ically inactive; 

5 - said first ribozyme becoming catalytically active upon the 

catalytic activity of said second ribozyme and said second 
ribozyme becoming catalytically active upon catalytic activity 
of said first ribozyme; 

- at least one of said first or said second ribozyme becoming 
10 catalytically active also upon catalytic activity of said initiation 

ribozyme; 

- at least one of said first or said second ribozyme carries a 
label such that upon catalytic activity of the other ribozyme 
there is a change in the detectable properties of said label; ^ 

15 (b) providing conditions in which said initiation ribozyme and said 

first and said second ribozyme can exert their catalytic activity; and 

(c) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium. 

20 3. A method according to Claim 1, comprising: 

(a) contacting the medium with a catalytic system comprising: 

- a first composite nucleic acid molecule, comprising a first 
ribozyme of a kind capable of cleaving a first cleavable 
nucleic acid sequence, linked to a second cleavable nucleic 

25 acid sequence, cleavage of said second sequence releases said 

first ribozyme from said first composite molecule; 

- a second composite nucleic acid molecule, comprising a 
second ribozyme of a kind capable of cleaving said second 
cleavable nucleic acid sequence, linked to a first cleavable 
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nucleic acid sequence, cleavage of said first sequence releases 
said second ribozyme from said second composite molecule; 

- at least one of said first or second cleavable sequences being 
cleavable also by said initiation ribozyme; 

5 - said first composite and said second composite nucleic acid 

molecules being separated from one another to avoid contact 
between the two composite molecules; 

- at least one of said first and said second composite molecules 
carries a detectable label, said label being released to the 

10 reaction medium following cleavage by the ribozyme com- 

prised in the other composite molecule; 
(b) providing conditions which enable a ribozyme cleavage and 
which allow migration of cleaved ribozymes between said first and said 
second composite nucleic acid molecules; and 
15 (c) detecting the presence of released labels, presence of released 

label in the medium indicating the presence of the catalytically active 
ribozyme in the medium. 

4. A method according to Clain 1, comprising the step of: 

(a) contacting the medium with a catalytic system comprising a 
20 third ribozyme being, a priori, catalytically inactive; 

- each molecule of said a priori catalytically inactive third 
ribozyme becomes active upon catalytic activity of other 
molecules of catalytically active third ribozymes; 

- said a priori catalytically inactive third ribozyme becoming 
25 active also by the catalytic activity of said initiation ribozyme; 

- said third ribozyme carries a label such that upon catalytic 
activity of the other third ribozyme molecule thereon, there is 
a change in the detectable properties of said label; 
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(b) providing conditions suitable for said third ribozyme and said 
initiation ribozyme to exert their catalytic activity; and 

(c) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 

5 medium. 

5. A method according to Claim 1, comprising: 

(a) contacting the medium with a catalytic system comprising: 
a composite nucleic acid molecule, comprising a labelled 
ribozyme linked to a cleavable nucleic acid sequence in an 
10 orientation or at a location which prevents cleavage of said 

nucleic acid sequence by said ribozyme while present in the 
composite molecule, said nucleic acid sequence being 
cleavable by said ribozyme when it is present in a free form, 
thereby releasing said labelled ribozyme from said composite 
15 molecule; 

said cleavable nucleic acid sequence being cleavable also by 
said initiation ribozyme; 
- said composite molecules being separated from one another to 
avoid contact therein between. 
20 (b) providing conditions which enable ribozyme cleavage and 

which allow migration of cleaved ribozymcs between said separated 
composite molecules; and 

(c) detecting the presence of released labels, presence of released 
label in the medium indicating the presence of the catalytically active 
25 ribozyme in the medium. 

6. A method according to Claim 4, for detecting the presence in 
a medium of a catalytically active ribozyme having the catalytic activity of 
cleavage comprising: 

(a) contacting the medium with a catalytic system comprising: 
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a composite nucleic acid molecule comprising a ribozyme 
which has a cleavable nucleic acid sequence, said composite 
molecule being in the form of a closed circle and said 
cleavable nucleic acid sequence being cleavable by the 
5 composite molecule in an open form; 

- said cleavable nucleic acid sequence being cleavable also by 
the initiation ribozyme; 

said composite molecule carrying a detectable label which 
changes its detectable properties upon opening of the closed 
10 composite molecule; 

(b) providing conditions which enable ribozyme cleavage and 
migration; and 

(c) detecting for said detectable properties a change in said 
properties being an indication of the presence of catalytically active 

15 ribozyme in the medium. 



7. A method according to Claim 4, for detecting the presence in 

a medium of a catalytically active initiation ribozyme having the catalytic 
activity of splicing comprising: 

(a) contacting the medium with a catalytic system comprising: 
20 a sixth ribozyme having, in a region thereof essential for its 



catalytic activity, an extra nucleic acid sequence, said nucleic 
acid sequence renders the ribozyme inactive; 

- splicing of said extra nucleic acid sequence renders the sixth 
ribozyme active; 

25 - said extra nucleic acid sequence is capable of being spliced 

from the composite molecule by said sixth catalytically active 
ribozyme; 

- said extra nucleic acid sequence is also capable of being 
spliced by catalytically active detectable label; 
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said sixth ribozyme carrying a detectable label which changes 
its detectable properties upon splicing of the extra nucleic acid 
sequence. 

(b) providing conditions which allow ribozyme splicing; and 
5 (c) detecting said detectable properties a change in said properties 

being an indication of the presence of catalytically active ribozyme in the 
medium. 

8. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are located on opposite sides of a porous 

10 membrane blocking their passage therethrough while enabling passage of 
first and second free ribozymes. 

9. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are immobilized on a substrate. 

10. A method according to Claim 5, wherein each composite 
15 molecule is immobilized on a substrate. 

11* A method according to Claim 9 or 10, wherein the substrate 

is a bead. 

12. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules arc linked to moieties having the same 

20 electrical charges. 

13. A method according to Claim 5, wherein each composite 
molecule is linked to a charged moiety, all moieties in the reaction mixture 
having the same charge. 

14. A method of detecting the presence of an assayed biomolecules 
25 in a test sample comprising the steps of: 

(a) contacting the sample with a detection system under conditions 
which enable production of catalytically active initiation ribozyme essentially 
only if the assayed biomolecules arc present in the sample; and 
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(b) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 

15. A method according to Claim 14, comprising: 

5 (a) providing a first complex molecule comprising: an initiation 

ribozyme under conditions wherein the ribozyme is catalytically inactive and 
a recognition biomolecule capable of specifically recognizing and binding 
said assayed biomolecule; 

(b) contacting said first complex molecule with the test sample 
10 under conditions which allow binding between said recognition biomolecule 

and said assayed biomolecule while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 
15 is rendered active; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 

16, A method according to Claim 15, comprising: 

20 (a) providing a first complex molecule comprising: an initiation 

ribozyme, under conditions wherein the ribozyme is catalytically inactive, 
and a recognition biomolecule capable of specifically recognizing and 
binding said assayed biomolecule, said ribozyme being linked to a cleavable 
nucleic acid sequence capable of being cleaved by a catalytically activated 

25 initiation ribozyme, wherein cleavage of said cleavable sequence releasing 
catalytically active initiation ribozyme to the surrounding medium; 

(b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
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and said assayed biomolcculc while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 
5 is rendered catalytically active to cause cleavage of said cleavable sequence 

and thus release the initiation ribozyme into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 

1° 17. A method according to Claim 15, comprising: 

(a) providing a hybrid molecule comprising: an initiation ribozyme 

linked to a cleavable nucleic acid sequence which is capable, when single : 
stranded, of being cleaved by the initiation ribozyme, cleavage of said 
cleavable sequence releasing catalytically active initiation ribozyme to the 
15 surrounding medium, the hybrid molecule further comprising a recognition 
biomolecule capable of specifically recognizing and binding said assayed 
biomolecule, said cleavable sequence and a part of said recognition 
biomolecule being a priori, double stranded; * 

(b) contacting said hybrid molecule with the test sample under 
20 conditions which allow displacement of one strand of the double stranded 

part of the recognition biomolecule and the cleavable nucleic acid sequence 
by an essentially perfectly matched assayed biomolecule; 

(c) providing conditions allowing for cleavage by catalytically 
active ribozymes to cause cleavage of single stranded cleavable sequence, 

25 thereby releasing catalytically active initiation ribozyme into the surrounding 
medium; and 

(d) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample, 
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18. A method according to Claim 15, comprising: 

(a) providing a second complex molecule comprising an initiation 
ribozyme and a recognition biomolecule capable of specifically recognizing 
and binding said assayed biomolecules, said ribozyme linked to a cleavable 

5 nucleic acid sequence capable of being cleaved by catalytically active 
initiation ribozyme, cleavage of said cleavable sequence releasing catalyti- 
cally active initiation ribozyme to the surrounding medium, said second 
complex molecule also comprising an inhibitory moiety capable of inhibiting 
the catalytic activity of said initiation ribozyme; 

10 (b) contacting said second complex molecule with the test sample 

under conditions which allow binding between said recognition molecule and 
said assayed biomolecule while maintaining the inhibitory moiety in its 
inhibiting form; 

(c) removing unbound second complex molecules; 

15 (d) modifying said inhibitory moiety in the bound second complex 

molecules so as to remove its inhibitory effect thereby causing cleavage of 
said cleavable sequence and releasing the initiation ribozyme into the 
surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 

20 ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 

19. A method according to Claim 15, wherein the conditions in (a) 
are essentially lack of magnesium ions and step (d) comprises adding to the 
reaction medium magnesium ions in a concentration sufficient to render said 

25 initiation ribozyme catalytically active. 

20. A method according to Claim 14, wherein the assayed 
biomolecule is a nucleic acid sequence and the method comprising the steps 
of: 

(a) contacting the sample with a detection system comprising: 
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- a first oligonucleotide molecule having a double-stranded 
promoter, a single-stranded oligonucleotide sequence being 
essentially DNA which is essentially identical with the 
initiation ribozyme sequence; a single-stranded sequence 
5 being essentially DNA which is essentially identical with a 

cleavable sequence capable of being cleaved by a catalytically 
active initiation ribozyme and a single-stranded sequence 
which is complementary to the 5 '-part of the assayed nucleic 
acid sequence; 

10 - a second oligonucleotide molecule having a single-stranded 

sequence being complementary to the 3 '-part of the assayed 
nucleic acid sequence and further comprises a single-stranded 
triggering oligonucleotide template which can be transcribed 
to give a triggering oligonucleotide sequence, said triggering 

15 oligonucleotide sequence capable, in the presence of a back 

promoter construct and DNA polymerase, to trigger a reaction 
in a transcription system wherein the sequence to which it is 
attached is transcribed; 

(b) providing conditions which allow the hybridization of said first 
20 and said second oligonucleotide molecule to the assayed nucleic acid 

sequence; 

(c) adding a transcription system, under conditions which allow 
transcription, whereby triggering oligonucleotide sequence is transcribed, 
said triggering oligonucleotide sequence, in the presence of a back promoter, 

25 DNA polymerase and transcription system and under conditions allowing 
hybridization, DNA polymerization and transcription, brings to transcription 
of a final oligonucleotide transcript comprising initiation ribozyme linked to 
a cleavable sequence capable of being cleaved by catalytically active 
initiation ribozyme; 
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(d) providing conditions which allow cleavage of said cleavable 
sequence by said catalytically active ribozyme, to cause cleavage of said 
cleavable sequence and thus release itself into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
5 ribozyme according to the method of any one of Claims 1-5, presence 

thereof, indicating the presence of the assayed biomolecule in the sample. 
21. A method according to Claim 14, wherein the assayed 

biomolecule is a nucleic acid sequence and the method comprising the steps 
of: 

0 (a) incubating the test sample with a detection system comprising: 



a third composite molecule comprising a third single-stranded 
oligonucleotide sequence being complementary to the 5'-part 
of the assayed nucleic acid sequence, said third oligonucleotide 
sequence being linked to a part of the initiation ribozyme; 
a fourth composite molecule comprising a fourth single- 
stranded oligonucleotide sequence being complementary to the 
remaining 3'-part of the assayed nucleic acid sequence, said 
fourth oligonucleotide sequence being linked to a part of the 
initiation ribozyme required to complete the ribozyme linked 
to the third oligonucleotide sequence to give a complete 
initiation ribozyme; 



(b) providing conditions allowing hybridization of said third and 
fourth oligonucleotide sequences with the assayed nucleic acid sequence and 
which enable assembly of a full initiation ribozyme from its parts; and 

(c) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 
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22. A method according to Claim 14, wherein the assayed 
biomolecule is a nucleic acid sequence and the method comprises the steps 
of: 

(a) incubating the test sample with a detection system comprising: 
5 - a ribozyme of the hammerhead type wherein some of the 

double-stranded portion of Stcm-II has been shortened and 
wherein the remaining double-stranded Stem-II is attached to 
two single-stranded sequences one being complementary to 
the 3'-end of the assayed nucleic acid sequence and the othe 
10 being complementary to the 5'-end of the nucleic acid 

sequence; 

- said ribozyme being a priori inactive; 

- hybridization of said two single-stranded sequences to 
complementary sequences renders the ribozyme catalytically 

15 active; 

(b) providng conditions allowing hybridization of said ribozyme 
with said assayed nucleic acid sequence; and 

(c) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 

20 thereof, indicating the presence of the assayed biomolecule in the sample. 

23. A method according to Claim 1, for detecting the presence in 
the medium of a catalytically active initiation ribozyme having the activity 
of cleavage comprising: 

(a) contacting the medium with a catalytic system comprising: 
25 - a fourth ribozyme of a kind capable of ligating parts of a fifth 

ribozyme, linked to a nucleic acid sequence cleavable by the 
initiation ribozyme, cleavage of said nucleic acid sequence 
releasing catalytically active fourth ribozyme to the surround- 
ing medium; 
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two parts of a fifth ribozyme which are capable of being 
ligated by the fourth ribozyme to give a catalytically active 
fifth ribozyme, said fifth ribozyme being of a kind capable of 
ligating parts of a fourth ribozyme; 
5 - two parts of a fourth ribozyme which are capable of being 

ligated by the fifth ribozyme to give a catalytically active 
fourth ribozyme; 

said fourth molecule being a priori separate from the two parts 
of the fifth ribozyme to avoid contact thereinbetween; 
10 - at least one of said fourth or said fifth ribozyme carries labels 

which changes its detectable properties upon ligation; 
(b) providing conditions which enable ribozyme cleavage and 
which allow migration of the cleaved full fourth molecule to the two parts 
of the fifth ribozyme; 
15 (c) providing or maintaining conditions allowing ribozyme 

ligation; and 

(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of said initiation ribozyme in said 
medium. 

20 24. A method according to Claim 1, for detecting the presence in 

the medium of catalytically active initiation ribozyme having the activity of 
ligation comprising: 

(a) contacting the medium with a catalytic system comprising: 
two parts of a fifth ribozyme which are capable of being 
25 ligated by a fourth ribozyme to produce a catalytically active 

fifth ribozyme, said fifth ribozyme being of a kind capable of 
ligating parts of a fourth ribozyme; 
- two parts of a fourth ribozyme which are capable of being 
ligated by a fifth ribozyme to produce a catalytically active 
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fourth ribozyme; said fourth ribozyme being of a kind capable 
of ligating parts of the fifth ribozyme; 

either said two parts of the fifth ribozyme or said two parts of 
the fourth ribozyme are capable of being ligated by a catalyti- 
5 cally active initiation ribozyme; 

at least one of said fourth or said fifth ribozyme carries labels 
which changes its detectable properties upon ligation; 

(b) providing conditions allowing ribozyme ligation; 

(c) detecting said detectable properties, a change in said properties 
10 being an indication of the presence of said initiation ribozyme in said 

medium. 

25. A kit for use in the method of any one of Claims 1 to 24. ^ 



SUBSTITUTE SHEET (RULE 26) 




FIG. 1 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



PCT/US96/02380 



2/14 




19' c 



initiation 
ribozyme 

18' 



Rd 




Detection 




Fig .2(a) 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 




16 m 

V<A/ 

initiation ribozyme ( splicing ) 
Detection 




Fig. 2(b) 

SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 




PCI7US96/02380 




Fig .4 



SUBSTITUTE SHEET (RULE 26) 




53 ribozyme 



F i g . 5 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



PCT/US96/02380 



7/14 



Detection system 



c 



Promotor f R C 



/ 



61 



TRIG 



62 

/ 



3' 



3' 




D\ D' 2 / 



63 



5' 



D. 



D'i D' 2 




3' 



\ 



> 64 



5' 



Transcription system 



3' 



/ 




T 




TRIG promotor 
d' 2 tris' 



67 



DNA polymerase 



TRIG promotor 




3' 



Transcription system 



TRIG promotor 



} 



68 



Catalytic 
system 




Fi g . 6 

SUBSTITUTE SHEET (RULE 26) 



— iff O^PI w A^t *Tt^ 




F I G . 7 (a) 



SUBSTITUTE SHEET (RULE 26) 

BMSDOCID- <WD 962702BA1 IB> 



WO 96/27026 




70 



Fig. 7(b) 

SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



PCT/US96/02380 



10/14 



.80 



////////AAAAAAAA^ 



80a 

f 

vAAAA; 



80b 
WW 



86 



^aXa/vw^ 

INITIATION 
RIBOZYME 
CLEAVAGE 




^86* 

INITIATION 
RIBOZYME 
LIGATION 



v/WWVWV^ 



LIGATION 



+ ^81a 



,81 



v/VWWW\A 



LIGATION 




.-80a 
vAAAA 



80 



DETECTION 

WW 



DETECTION 

^80b 



DETECTION 



FIG. 8 



BN80OCtD-<W0 9627026A1 ©> 



SUBSTITUTE SHEET (RULE 26) 




( DISPLACEMENT ) 




F I G . 9 
SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



# 



12/14 



PCTYUS96/02380 



LANE 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


HH8.3-S0 


1 


. 


1 


1 


1 






















HH8.5-S0 




1 


1 


1 


1 






















HH8.3-S1 












1 




1 


1 


1 












HH8.5-S1 














1 


1 


1 


1 












HH8.3-S2 






















1 




1 


1 


1 


HH8.3-S2 
























1 


1 


1 


1 


LAMTAR4 






0 


1 


10 






0 


1 


10 






0 


1 


10 


SB824 






5 


5 


5 






5 


5 


5 






5 


5 


5 




FIG. 10 



SUBSTITUTE SHEET (RULE 26) 



WO 96/27026 



13/14 



PCT/US96/02380 



Incubation 
time 


1 hour 


+ 




+ 


+ 


+ 


+ 


+ 


+ 




















overnight 




















+ 






+ 


+ 




+ 




Ribozyme 


SLS107 


+ 




































SLS108 






















+ 
















SLS113 






+ 


















+ 














SLS115 








+ 


















+ 












SLS208 




























+ 










SLS213 












+ 


















+ 








SLS215 














+ 


















+ 






SLS313 
















+ 


















+ 




FIG. 11 



SUBSTITUTE SHEET (RULE 26) 




WO 96/27026 PCT/US96/02380 

14/14 



DsLsRzA3-6 


+ 


+ 


+ 


+ 


+ 


+ 




+ 


+ 




















HH8 




















+ 




+ 


+ 


+ 


+ 


+ 


+ 


+ 


Blood 




+ 




+ 




+ 




+ 






+ 




+ 




+ 








Phenol 






+ 


+ 
















+ 


+ 












Guanidine 










+ 


+ 
















+ 


+ 








SDS 














+ 




















+ 






FIG. 12 

SUBSTITUTE SHEET (RULE 26) 



INTERNAI^PfAL SEARCH REPORT 



International application No. 
PCT/US96/02380 



A. CLASSIRCATION OF SUBJECT MATTER 

IPC(6) : C12Q 1/68; C12N 15/00 

USCL : 435/6; 935/77 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/6; 935/77 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS, MEDLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO, A, 94/13833 (INNOVIR LABORATORIES, INC.) 23 June 
1994 

WO, A, 94/29481 (NATHAN) 22 December 1994 



1-24 



1-24 



| | Further documents are listed in the continuation of Box C. Q See patent family annex. 



"A* 

•E' 

*P" 



Special categories of cited documents: 

document defining the general §tate of the art which '» not considered 
to be part, of particular relevance 

earlier document publiahed on or after the international filing dale 

documcnl which may throw doubta on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (a* specified) 

document referring to an oral disclosure, uae, exhibition or other 



document published prior to the international filing date but later than 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed mvenlion cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document ia taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, auch combination 
being obvious to a person skilled in the art 

document member of the same patent family 



the priority date claimed 

I Date of the actual completion of the international search 
23 MAY 1996 


Dale of mailing of the international search report 

10 JUN1996 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 

Box PCT > 
Washington, D C. 20231 

Facsimile No. (703) 305-3230 


Authorizcd'officer, r™N 
Telephone No. (703) 308-0196 ^ 



Form PCT/1SA/2 10 (second sheet)(July 1992)* 



INTERNATIONAL 



r RCH REPORT 



InteHHHfal application No. 
PCTAJS96/02380 



This international report has not been established in respect of certain claims under Article 17(2Xa) for the following reasons: 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



□ 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



|~j Claims Nos.: 



because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Px] Claims Nos.: 25 

1 1 because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . Q As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims. 



2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3 , [] ^ only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4. I - ! No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
1 1 restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



| [ The additional search fees were accompanied by the applicant's protest. 
[ [ No protest accompanied the payment of additional search fees. 



Form PCT/1SA/210 (continuation of first sheet(l))(July 1992)* 




THIS PAGE BLANK (ikpto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked* 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
J3^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: - 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (ibpto, 



